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INTRODUCTION 
Seed germination encompasses the correlation of numerous intra-
and intercellular processes which result in the reactivation of the 
dormant, living tissues. Some examples of these processes are 
imbibition of water, enzyme activation, polysome formation, ^  novo 
synthesis of nucleic acids and proteins, and catabolism of food 
reserves. The germination process is first visibly evident when the 
seed coat splits open and the root protrudes. 
There is another morphogenetic event which occurs in pine seeds 
about the same time acs root elongation, but is not visible in the in­
tact seed. The shoot apex enlarges and produces on its flanks lateral 
protrusions which will become the first primary leaves. There have 
been no studies in gymnosperms which deal specifically with the 
initiation of these first leaves. This event has been given passing 
consideration in a few studies of the shoot apex during germination. 
There have been numerous anatomical descriptions of leaf initiation 
in mature gymnosperms and angiosperms, usually with respect to planes 
and sites of cell divisions, procambial differentiation, and intensity 
of a general stain, probably indicating increased cellular activity. 
There is a paucity of histochemical and ultrastructural information 
to accompany even these efforts. In this study a variety of quanti­
tative and qualitative techniques will be used to describe some events 
in the shoot apex of jack pine (Pinus banksiana Lamb.) which precede 
and accompany leaf initiation during the first several days of germin­
ation and correlate them with certain other events occurring in the 
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remainder of the embryo and female gametophyte. 
Microspectrophotometry will be used to measure relative amounts 
of DNA, RNA and proteins on a per cell basis. Soluble proteins and 
the enzyme peroxidase will be measured by wet assay and gel electro­
phoresis. Subcellular changes will be investigated by transmission 
electron microscope techniques, while the scanning electron microscope 
will be used to study the surface changes of the apex during leaf 
initiation. This research is primarily directed at describing a 
specific event - the initiation of the first leaf in the embryo 
during germination. 
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LITERATURE REVIEW 
Gymnosperm trees are among the most economically important plants 
in the world, supplying raw products for the construction, paper and 
chemical industries. Most anatomical research, therefore, has been 
directed toward the cambium, the lateral meristem which produces the 
secondary xylem or wood. There has been a limited amount of research 
done on the shoot apical meristem of mature trees. This literature 
has been reviewed elsewhere and will not be covered here (Korody, 1937; 
Foster, 1938; Johnson, 1951; Camefort, 1956a,b,; De Ferré, 1958; 
Newman, 1961; Romberger, 1963; Nougarede, 1967; and Gifford and Corson, 
1971). Selected references pertaining to shoot apical meristems in 
mature trees, however, will be used in the discussion section. This 
review will concentrate upon two aspects of the shoot apical meristem 
in embryos of dormant and germinating seeds, and in young seedlings; 
(1) Organization of the apex and, 
/ON 1 _ _ .r .t J. ^ J. . \ 6 / XCtXX LXCX L J.UI1 . 
One of the earliest works related to leaf initiation during 
germination in a gymnosperm is by Bower (1882) who worked on Gnetum 
gnemon. He found that the plumule (shoot apex) remained a simple 
papilla of tissue until the cotyledons began to expand at which time 
it formed two opposite plumular leaves decussate with the cotyledons. 
These first two plumular leaves were followed by other pairs of 
decussate leaves. Bower cited a reference by Griffith (1859) to an 
unpublished drawing by Roxburgh in the Kew Herbarium of an embryo of 
Gnetum seandens that had two unequal cotyledons of large size, a short 
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radicle, and a plumule as long as the cotyledons, bearing at its 
apex two very small leaves. 
Lyon (1904) found that five leaf primordia could usually be 
distinguished on the plumule of a mature Ginkgo embryo. Dorety (1919) 
described the embryo of the cycad, Dioon spinulosum, as having a plu­
mule consisting of 3 or 4 abortive scales enclosing the rudiments of 
the first and second true leaves, sometimes a third leaf, and the 
stem tip. She made no reference to the apex or leaf initiation during 
the germination phase. In the young seedling, however, she found that 
the first leaves were yellowish scales, although thick and fleshy. 
They bore stipules like those of foliage leaves, and some of them 
showed the typical circinate vernation. 
Buchholz and Old (1933) found no mitotic figures or signs of 
active growth in imbibed embryos of Cedrus libanotica. They did, how­
ever, find plumular leaf primordia. They then dissected dry seeds 
and zlzc fcur^d leaves present. The very young primordia of an inner 
circle of leaves were occasionally found. The beginning of these leaf 
primordia were recognized by the appearance of periclinal walls in 
the superficial cells, followed by divisions in the underlying cells. 
Not all embryos of this species had the inner ring of primordia. They 
4- 4" c rvi* a f a aarl tnOvr \\a a *iv*rr + 4" h 
their degree of development at the time of shedding. Probably the 
length of the season and other climatic factors were responsible for 
these differences. Buchholz and Old also examined a dozen species of 
Pinus and found no traces of plumular primordia in the embryos of 
mature seeds. 
5 
Allen (1947), studying various aspects of Pseudotsuga menziesii, 
showed evidence that the first leaf primordia followed mitotic 
activity in the surface cells of the apex. When the primordia were 
visible as slight protuberances, the first tracheids matured in the 
nodal region directly below the flanks of the shoot apex. From a 
cytohistological standpoint, Allen (1947) found that the apex of the 
dormant embryo was simple and lacked definite zonation. After strat­
ification for 40 days, the apex increased in size, apparently due to 
an increase in cell size only. 
The epicotyl in fully grown embryos of Pinus strobus (Spurr, 
1949) is conical in form and quite symmetrical, although when viewed 
in transverse section it is slightly irregular in outline, particu­
larly in the basal portion. This is caused by the closely appressed 
cotyledons at the flanks of the apex. Spurr further noted that the 
apex showed no indication of initiating leaf primordia in the fully 
grown embryo. 
Spurr also found that the nuclei in the cells of the outer portion 
of the apex were relatively large and light staining in contrast to the 
cells in the inner portions of the apex whose nuclei were smaller and 
deeply stained. These nuclear differences were evident in earlier 
stages of embryogeny. 
Guerindon (1954) defined proliferating zones in the apex of young 
seedlings of Pious maritina by studying mitotic frequency in longi-
and cross sections. A region of high mitotic activity was found, 
corresponding to the anneau Initial (Plantefol, 1947). Below the 
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anneau Initial there was another proliferating region, the derivatives 
of which were used in foliar construction and subsequent procambial 
development. 
It is evident in Guerindon's figures 1-C, D, and E, that the first 
leaves arise on the flank of the apex between adjacent cotyledons. 
The plants she studied had seven cotyledons and she concluded that 
there were seven foliar helices, each corresponding to a cotyledon. 
Riding (1972) pointed out that while the initial leaf primordia arise 
alternate to the cotyledons, the number of subsequent foliar helices 
is frequently altered during later development. In spite of the 
alteration in the n>"nber of foliar helices, the French school of 
anatomists still interprets foliar helices as being self-perpetuating, 
the point of view presented by Plantefol and Buvat. According to their 
theory the leaf-forming impluse moves upward along the foliar helix, 
identified by a parastichy line, to a foliar generative center within 
the anneau initial (peripheral region). The zone apicale (apical 
initials) at the distal end of the apex is self-generating and only 
passive in leaf formation. This is a functional theory for the apex. 
The American school, especially as influenced by Foster, believes 
that the daughter cells from the distal portion of the apex contribute 
to the peripheral region and ultimaLely become incorporated into 
leaves. 
After studying several species of Gnetum, Fagerlind (1954) 
decided that the vacuolated central mother cells of seedling apices 
were nothing but the distal end of the rib meristem. He felt there 
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was a basipetal developmental sequence from strongly meristematic 
subapical initials to: 
1. unvacuolated central mother cells, 
2. vacuolate to partially mature rib meristem initials, and 
3. rib meristem members (vacuolate). 
Unger (1953) in his thesis states that in soaked seeds of Pi nus 
banksiana, nuclear and cell divisions were abundant in the hypocotyl. 
He did not give the conditions under which the seeds were tested or 
the age of the germinating seeds. 
As in Pinus strobus (Spurr, 1949), Unger found a mantle-like 
(surface) layer of cells over the apex. He observed that the subapical 
initials (central mother cells) had large, dark staining nuclei and 
that mitotic figures were found on the periphery of this region. 
Unger showed that seedlings one to four weeks old still had a 
mantle-like layer of cells. The central mother cells, peripheral 
riGristeni and rib iHcristeiii w«re aii present, in these young seedlings 
he described the development of cytohistological zonation (Foster, 
1938). Periclinal divisions of the apical initials, the most distal 
mantle-like cells, produced subapical central mother cells, having 
non-linear arrangement and isodiametric shape. Divisions at the 
periphery of this zone created a peripheral meristematic zone, pro­
ducing linear files of small meristematic cells along the flank of 
the apex. This zone gave rise to tissues which mature into the cortex, 
vascular cylinder and the outermost portion of the pith. The remainder 
of the pith cells originated from a rib meristem at the base of the 
central mother cells. 
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To follow protophloem development, Unger sectioned three-day-old 
seedlings bearing several small leaf primordia. He was able to show 
indications of the beginning of a procambium in the peripheral zone. 
An inconspicuous procambium was also found in leaf primordia elevated 
as little as 20 |im above the flank of the apex. Below the first leaf 
primordium, transverse sections showed more distinct procambial strands 
surrounding an enlarged pith. 
Unger also found that primary leaves above the level of the 
cotyledons were borne singly from the flanks of the apex and were 
arranged spirally on the stem. Each leaf primordium is formed as a 
result of the combined meristematic activity of (a) cells in the peri­
pheral zone of the stem apex, (b) subepidermal cells below the apex 
of the elongating leaf primordium, and (c) a group of four epidermal 
cells at the apex of the embryonic leaf. 
Chouinard (1959) sought to make definite conclusions about the 
role of the apical zone in the production of leaf primordia in Pinus 
banksiana by studying the seed apex from dormancy to 10 days post-
imbibition. He was also interested in the time at which apical zon-
ation was established and what roles each zone played in the prod­
uction of primordia. From his bibliography, it is evident that he 
was not aware of Unger's thesis (1953). 
Chouinard established five successive stages in the morpho­
logical and structural evolution of the apex during the first 10 days. 
The structure of the apex was based upon mitotic distribution and an 
analysis of cellular contents. 
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Stage 1 corresponded to the embryonic, dehydrated apex, measuring 
about 175 urn in diameter at the base and 80 [im in height. All cells 
appeared similar, with irregularly shaped nuclei, abundant lipid and 
protein bodies (each usually containing two globoids), and many PAS-
positive starch grains. 
Stage 2 began with the first mitotic divisions in the three-day-
old apex. The cells were fully imbibed, the chromatin was no longer 
condensed, and the nucleoli were spherical and enlarged. Aleurone 
grains had begun to dissolve and form small vacuoles, but lipids were 
still abundant. Starch grains had become larger and many were ap-
pressed to the nucleus. Mitochondria were both granular and 
filamentous. 
Stage 3 began with the appearance of the first leaves as small, 
meristematic cells on the flanks of the apex. Mitoses were evident 
in the entire apex. Chouinard noted that while the apex had not 
increased much in size (ISO by 100 uin). Lhei-e were almost twice as 
many ceîls each of which was about half as large (12-15 |im) as the 
dormant cells (25-30 ^ im). Thus the apex cells had undergone mitoses 
without cell enlargement prior to leaf initiation. 
Cytological analysis at this stage again revealed a homogeneous 
population of cells within the apex. He found small vacuoles dis­
persed throughout the cells and abundant plastids filled with starch 
and full of chlorophyll, coinciding with a greening of the apex. 
Mitochondria were granular to filamentous and lipids were abundant. 
Stage 4 was initiated when the first leaf primordla appeared 
almost simultaneously, equidistant along the flanks of the apex. 
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By studying the distribution of mitoses in apices defined as 
Stage 4, Chouinard distinguished three meristematic zones; first, 
an apical zone of little mitotic activity, corresponding to the apical 
initials of a mature gymnosperm apex; secondly, a lateral subapical 
zone forming the flanks of the apex and having the highest mitotic 
frequency (these cells are immediately engaged in leaf formation and, 
thus, can be considered organogenic); and, thirdly, a central sub-
apical zone of intermediate mitotic activity. He felt this region 
was histogenic since its derivatives gave rise to a pith parenchyma. 
Cytological analysis revealed that cells which comprise these 
zones have clearly distinct characteristics. Nuclei of the apical 
zone were light-staining and had small nucleoli. A network of 
vacuoles surrounded the nucleus. In the central subapical zone the 
nuclei stained densely and had 1 or 2 small nucleoli. The cytoplasm 
contained large vacuoles, many of which had tannin inclusions. In 
the lateral subapical nieristeir. the nuclei srcll, dor.Ecly 
staining, and had 2-4 large nucleoli. The vacuoles were small and 
dispersed and chloroplasts were more numerous than in the other 
regions and with less starch. Lipids were diminished in amount. 
A few days follow the production of the first leaf, with the 
lateral and central zones actively proliferating before the appearance 
of the second set of leaf primordia. Stage 5 started just before the 
appearance of the second whorl of leaves. The three zones were again 
cytologically and mitotlcally different. The only significant change 
was the reduction of lipid content in all three zones. 
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Because of the acropetal sequence of mitotic reactivation of the 
embryo apex, Chouinard (1959) felt that the apical zone must play a 
passive role in organogenesis and the apical zone must respond pas­
sively to an inductive force derived from the subapical regions. He 
also felt that the apical zone was more differentiated because it was 
not active in construction of a leafy stem. 
Sacher (1955) suggested that the apex of a 1-3 month-old seedling 
of Pinus lambertiana resembled that of a dwarf shoot apex because 
both are small, lack a clear cut demarcation of tissue zones, and 
are almost devoid of rib meristem activity. He concluded that the 
differences between apices of long and dwarf shoots in Pinus, with 
regard to zonation distinctness and size, were not fundamental, but 
rather were incident to the prevailing phases of ontogeny. 
The summital cells, which Tepper (1964) described in Pi nus 
ponderosa embryos, corresponded to the apical and central subapical 
zone defined by Chouinard (1959). They also included the outer cell 
layer of the flank. Summital cell nuclei stained less intensely and 
were larger than the other nuclei. The aleuroiie grains (protein 
bodies) in the summital cells were much smaller and stained less 
intensely than those in other cells of the apex and the rest of the 
embryo. 
As in P. banksiana (Chouinard, 1959), the first evidence of 
growth resumption in the apex was cell division in the cells of the 
peripheral zone, resulting in the gradual elevation of the leaf 
primordia. Tepper (1964) found that the protein bodies disappeared 
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first from the incipient primordia sites, later from the summital 
cells, and last from the rib meristem. The findings of Tepper differ 
from those of Chouinard in that a well defined rib meristem and 
several leaf primordia were present before the summital cells divide. 
This is a paradox because those summital cells, which include the 
outer layer of the flank region, must divide to become leaf primordia. 
Perhaps apical cells would have been a better term. 
Fosket and Miksche (1966) did an extensive histochemical study 
of the shoot apex of germinating Pinus lambertiana embryos to define 
the relative metabolic activities of the various cytohistological 
zones. They found little zonation 5 days after planting (after 30 
days vernalization) but needle primordia were present. By the eighth 
day zonation was evident, and as the needle primordia began to en­
large a second whorl of primordia was organized. 
They found that acid phosphatase activity was highest in the 
uistâ.1 poi'uioïi Ox Liic aptîA pi'xux' Lu Lue tippetirttiicfcï oî zonation, but 
that, with zonation, acid phosphatase activity was highest in the 
peripheral zone. They concluded that high acid phosphatase activity 
in the peripheral zone was associated with the early stages of needle 
primordia initiation but not later development. 
Cytoplasmic protein-bound sulfhydryl groups (SH) were also 
correlated with development of zonation. At 5 days the stain was 
distributed uniformly throughout the apex, except for reduced staining 
in the rib meristem. By the eighth day SH groups were more abundant 
in the peripheral zone and young leaf primordia. The nuclei of the 
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apical initials were also densly stained. 
Succinic dehydrogenase (SD) was found uniformly throughout the 
apex prior to 5 days. By the eighth day activity was greatest in the 
apical initial and central mother cell zones and, to a lesser extent, 
in the surface layer of the peripheral zone. They felt that SD 
activity was not correlated with early stages of leaf primordia 
initiation, although there was some activity in developing primordia. 
After citing evidence that acid phosphatase activity was associ­
ated with early stages of cellular differentiation, Fosket and Miksche 
implied that, after the onset of zonation and the loss of acid phos­
phatase activity, the apical initials and central mother cells could 
be considered to have differentiated. Chouinard (1959), on the basis 
of cytological and structural characters, also considered the apical 
zone of P. banksiana differentiated. 
Fosket and Miksche suggested that the apical initials and cen­
tral mother cells might possibly be producing substances responsible 
for initiation and early development of primordia because 500 R of 
X-irradiation eliminated SD activity in the apical initials and 
central mother cells and completely inhibited initiation of new 
primordia and expansion of existing primordia. 
Berlyii (1967), in a monograph on the germination of P. 
lambertiana, considered the 5-day apex to be zonate, thus differing 
with Fosket and Miksche (1966). Berlyn also noted the occasional 
presence of slight excrescences (the sites of future leaf primordia) 
at the flank of the epicotyl. Buchholz and Old (1933) did not find 
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any evidence of leaf primordia in the dormant embryos of a dozen 
Pinus species. 
Gregory and Romberger (1972) sampled shoot apices of Pinus abies 
twice daily during the first 5 days of germination. They found no 
evidence of provascular tissue or incipient leaf primordia in the 
apex of mature embryos. Cell characters were similar to those des­
cribed by Spurr (1949, Chouinard (1959), and Tepper (1964). They 
found that protein bodies appeared in the apex cells during late 
embryogeny and were smallest in the surface cells of the apex, 
agreeing with Tepper (1964). These bodies displayed bireîringent 
inclusions under polarized light. 
Mitotic activity and a reduction in the population of protein 
bodies were observed at 72 hours post-imbibition. By the fifth day 
leaf initiation had begun, summital cells were dividing and a rib 
meristem was present. They considered the very apical cells to still 
be embryonic, though not quiescent, thus differing in interpretation 
from Chouinard (1959) and Fosket and Miksche (1966). 
Gregory and Romberger (1972) emphasized that the presence, ab­
sence, or degree of zonation may vary with the species, but whether 
zonation in apical meristems of very young seedlings occurs depends 
alse u{3on the time of observation and upon the criteria for zonation. 
Riding (1972) suggested that the storage products in the embryo 
apex of Pinus radiata gave it a zonate appearance. Cells at the 
summit of the apex had smaller storage products. 
He found that several events coincided with the splitting of 
the seed coat. The apex was conical in shape and the granular 
storage products were almost completely gone. Leaf initiation had 
occurred as well as greening of the cotyledons and hypocotyl. 
As noted by Guerindon (1954) and Chouinard (1959), the first 
needle primordia were formed alternating with the cotyledons and in a 
whorl. After the first needles were initiated, a zonation pattern 
was evident in the apex: 1) the apical zone; 2) the peripheral zone; 
and 3) the pith-rib meristem (Gifford and Corson, 1971). Chouinard 
(1959) also found zonation evident in 2- banksiana after the first 
leaves were initiated. 
In a subsequent paper. Riding and Gifford (1973) described histo-
chemical changes in P. radiata apices. The cytoplasmic staining of 
histone proteins in the dormant apices, however, might be caused by 
the high arginine content present in Pinus protein bodies (Durzan et 
al., 1971), Histones have high arginine content. Riding and Gifford 
(1973) found no starch grains in dormant apices and lipids were de­
tected most intensely in the surface layer of cells. RNA was dif­
ficult to demonstrate using Azure B staining. Acid phosphatase and 
succinic dehydrogenase were found throughout the apex, but no per­
oxidase activity could be detected. Similar results were reported 
by FOSkét «iiu miksCuê (19G6), tliOUgli tlîèy uiu liOt tc5t lOi'- pcrOXiuttSc. 
After 48 hours of hydration, protein staining was reduced and 
peroxidase activity was found around the protein bodies and along 
the cell walls. With needle formation, DNA, RNA, and nuclear his­
tone increased in the peripheral zone. Peroxidase was active in the 
sub-surface cells in the apical and peripheral regions. 
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After examining the shoot apex of P. radiata. Riding and Gifford 
felt that a concentration of particular substances in any one region 
of the apex was not sufficient evidence to relegate that portion of 
the apex to a totally passive function. The apex should be inter­
preted as a whole functioning unit. This has been the attitude of 
Cecich et al. (1972) and will again be fostered in this study. 
Upon completion of this review a manuscript on the ultrastructure 
and cytochemistry of shoot apices in dormant and germinating jack pine 
seeds appeared in the literature (Mia and Durzan, 1974). It will be 
briefly presented here and examined more closely in the discussion 
section. Mia and Durzan (1974) did not measure storage bodies 
(protein and lipid), but did note that they were smallest in the 
surface cells of the apex and became larger in a basipetal direction. 
Consumption of the protein bodies was not observed until 72 hr. 
Their ultrastructural observations (at 0 and 96 hr only) show that 
protein bodies in the apex have no inclusions. They did not observe 
Golgi bodies or extensive ER at 96 hr. Leaf primordia were estab­
lished without extensive ER. No more than 4 nucleoli were seen in 
any nucleus. Root tips did not protrude until 96 hr and mitoses 
were not found in the apex until 90-96 hr. Heavy labelling with 
uracil-5--H occurred in all regions of the apex, but was less intense 
in the subapical region. They concluded that events noted in the 
apex cells were similar to those found in other regions of the germ­
inating embryo. 
From the above review several generalities may be stated 
regarding apex organization and leaf initiation during germination 
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in gymnosperms. 
1) Organization of the apex: 
a) Cytohistological zonation may or may not be present when 
leaves are initiated. 
b) The surface layer of cells have light-staining nuclei 
and relatively small cytoplasmic inclusions. 
c) No provascular tissue is present in the apex of the 
dormant embryo. 
2) Leaf initiation: 
a) There are usually no leaf primordia in dormant embryos 
of the Pinaceae. 
b) Mitotic resumption is acropetal, beginning in the axil 
of the cotyledon and the apex. 
c) Protein bodies are usually digested prior to the 
appearance of the first leaf. 
d) The first leaves are always initiated alternate to 
the cotyledons. 
It should also be evident that there are no quantitative histo-
chemical data to describe the apex on a per cell basis. Prior to 
Mia and Durzan's (1974) paper, ultrastructural studies of apical 
".Gristems ir. gymncsperm embryos were non-existent. Therefore, these 
two approaches, quantitative histochemistry and electron microscopy, 
will be stressed in this study. 
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MATERIAL AND METHODS 
Experimental Material 
The jack pine seeds (Pinus banksiana Lamb.) (IPG. #5150) used in 
this study are from a large stand collection in the Ottawa National 
Forest in the Upper Peninsula of Michigan. The seeds were collected 
and cleaned in the fall of 1969. Fifty pounds of this cleaned seed 
was purchased by the Institute of Forest Genetics (IFG), North Central 
Forest Experiment Station, Rhinelander, Wisconsin, for use in 
laboratory experiments which may be affected by genetic variability 
among seed sources. Thus, these proposed anatomical studies can be 
more strongly correlated with existing and forthcoming biochemical 
data at the IFG. 
Handling 
The seeds were kept in a refrigerator at 4 C and were always 
brought to room temperature before opening the storage containers. 
Germination Conditions 
Seeds were germinated on 2 layers of moist blotter paper in 
petri dishes and placed in a Percival growth chamber under the 
following conditions: 17 hr light at 24 C and 7 hr dark at 21 C. 
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Light Microscopy 
Fixation for light microscopy and microspectrophotometry 
To minimize variation arising from fixative effects, all 
fixations for histochemistry took place at one time ("time zero"). 
A typical germination schedule is shown below: 
add water; Sunday 4 PM - 64 hours old at "time zero." 
: 8 PM - 60 
: Midn. - 56 
Monday 4 AM - 52 
: 8 AM - 48 
" : Noon - 44 
4 PM - 40 
; 8 PM - 36 
: Tuesday 8 AM - 24 
: 8 PM - 12 
; Wed. s Am - u (time zero), dry seed. 
At "time zero" the snicropylar end of the seed was removed from 
40 seeds to permit faster penetration of the fixative into the embryo. 
Fixation for DNA was done in 10% neutral formalin (see Appendix), 
while RNA and total proteins were fixed in Carnoy's solution (see 
Appendix). 
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Infiltration and embedding 
Dehydration in an ethanol-n-butanol series and infiltration with 
56 C - Tissuemat was done in an Autotechnicon automatic tissue 
processor (Technicon Inst. Corp., Tarryton, New York) at the National 
Animal Disease Laboratory (NADL), Ames, Iowa. 
Squash technique for microspectrophotometry 
Paraffin sections of shoot apices were not suitable for cytophoto-
metric measurement of RNA and proteins in the cytoplasm because of 
irregular cell shape and the relatively large nucleus to cell volume. 
Therefore, whole cells were measured instead of nuclei or cytoplasm 
separately. Fixed embryos were dissected from the seeds and all but 
one cotyledon removed, exposing the shoot apex. After bulk staining 
for RNA or proteins (see Appendix), the apex was cut off with a razor 
blade fragment under a dissecting microscope, transferred to a drop of 
water, squashed first with a glass rod and then with a coverslip, and 
fi-uz.en un a. block ol dry ice (Conger and Fairchild, 1953). After re­
moving the coverslip, the slides were rinsed in 95% ethanol and air 
dried. 
Histochemical staining techniques 
1. DNA Feulgen (Leuchtenberger, 1955). 
2. RNA Cresyl Violet (Ritter, DiStefano and Farah, 1961). 
3. Proteins . Mercuric Bromphenol Blue (Mazia, Brewer and Alfert, 
1953). 
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Photomicrography 
Photomicrographs were taken with a Wild-Herrbrugg M-12 microscope 
using Wild Plane Fluotar bright field and phase contrast objectives of 
20 and 40 X, and a 10 X wide-field, high-eyepoint ocular. The light 
source was a Wild Universal lamp housing with a quartz iodide bulb op­
erated at 6 V, in conjunction with either a Wratten No. 22 or 58 filter. 
The camera apparatus consisted of a Wild MKa4 Photo Automat, combined 
with an Exakta 35 mm camera body. Kodak Panatomic-X film was exposed 
at ASA 40 and developed for 12 min in a 1:3 dilution of Kodak 
Microdol-X at 20 C. Negatives were printed on Kodak Kodabromide 
F3, F4, and F5 papers, using an Omega D3V enlarger with Schneider 
Componon lenses. Prints were developed for 1-2 min in a 1:2 dilution 
of Kodak Dektol at 20 C. 
Transmission Electron Microscopy 
Specimen preparation and viewing 
Embryos were removed from the temale gametophyte at 48, 56, 65, 
72, 108 and 168 hr and immediately placed into cold 3% glutaraldehyde 
- 1% formaldehyde and post-fixed in 1% osmium tetroxide (see Appendix). 
After fixation, material was dehydrated in acetone and embedded in 
Epon (Luft, 1961; see Appendix). 
Sections were cut on an LKB Ultrotoroe III. Glass knives were 
used for cutting thick sections (1-2 p.m) and a DuPont diamond knife 
for cutting thin sections (gray or silver, 50 to 70 nm). Thick 
sections were stained v/ith Paragon Tviultiple Stain (Paragon C. and C. 
Co., Inc., New York, N. Y.) for 30 seconds, and observed and photo­
graphed with phase contrast optics. 
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Thin sections were collected on 200 or 300 mesh uncoated copper 
grids, or 100 mesh Formvar-coated grids. Thin sections were stained 
with 30% methanolic uranyl acetate (Stempak and Ward, 1964) for 20 
minutes at room temperature, followed by lead citrate (Reynolds, 1963) 
for one minute. Thin sections were observed on an Hitachi HU-llC 
transmission electron microscope at 50 KY, using 3-1/4" x 4" Dupont 
Cronar film. Negatives were developed in Kodak D-19 for two minutes 
and printed according to the procedure in the photomicrography section. 
Scanning Electron Microscopy 
Specimen preparation and viewing 
Fixed apical meristems were dehydrated in ethanol, passed into 
Freon-TF, dried in a critical point apparatus, coated with carbon and 
gold and mounted on SEM stubs. For detailed procedures see Appendix. 
Specimens were viewed on a JEOL-JSM-1 scanning electron microscope 
and photographed using Kodak Ektapan 4" x 5" sheet film, developed per 
film instructions. For printing, see photomicrography section. 
Soluble Proteins 
Material preparation and measuring 
Relative amounts of soluble proteins (Lowry et al,, 1951) in 
embryos and gametophytes were measured in a Hitachi Perkin-Elmer 
model 139 spectrophotometer and plotted on a fresh weight basis 
(see Appendix). 
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Peroxidase 
Wet assay 
Peroxidase activity of whole seeds was measured by a wet assay 
(Worthington, 1972; see Appendix). 
Gel electrophoresis 
Acrylamide gel electrophoresis (Davis, 1964; Durzan, 1966; Karl 
Wolter, personal communication) was used to detect peroxidase isoenzyme 
bands. The gels were photographed and the negatives were scanned with 
a microspectrophotometer to measure relative density of the bands 
(see Appendix). 
Statistical Treatments 
Most statistical calculations of the data were done according 
to Steel and Torrie (1960), except for the probability determinations 
(King, 1971). 
The nested analyses of variance for RNA and protein cytophoto-
metry data and the curvilinear regressions for the 40 to 84 hr 
protein cytophotometry data were done with the Omnitab computer 
program at the University of Minnesota. The summaries of the 
t-tests and analyses of variance can be found in the Appendix in 
Tables 5 and 6, respectively. 
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RESULTS 
Morphology and Anatomy 
A brief anatomical description of the apical meristem during 
germination is presented in Fig. 1-14, based upon scanning electron 
microscopy (Fig. 1-5) and median longitudinal sections (Fig. 6-14). 
Figure 1 is a 48 hr apex. The first whorl of leaves will appear 
on the lower flank of the apex, alternating with adjacent cotyledons, 
which were removed to expose the apex. The number of cotyledons varied 
from 3 to 7 per embryo. Figure 2 shows a 72 hr apex with a whorl of 
leaf primordia at its base. One cotyledon was only partially removed 
to reveal the spatial relationship of the leaf primordium to the 
cotyledon. Figure 3 represents an apex in which the 4 leaf primordia 
suggest a spiral leaf arrangement. Additional investigations of this 
observation will be required because the present information suggests 
that all leaves of the first whorl appear simultaneously (Chouinard, 
1959). The elongated leaf primordia cover the 168 hr apex (Fig, 4. 5). 
One leaf primordium from the second whorl is visible between 2 of the 
first leaves (Fig. 4). Large vacuoles were found in the cells at the 
base of the cotyledons (Fig. 5). 
There was no increase in the number of cells in the apex from 0 
to 48 hr (Fig. 6-9). Cell number increased after mitotic resumption 
began in the peripheral region at 52 hr (Fig. 10). Allen (1947) and 
Chouinard (1959) have demonstrated that apex volume increases prior 
to the first mitosis because of cell enlargement. Further enlargement 
of the apex occurres as seen at 56 and 64 hr (Fig 11,12). One leaf 
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from the first whorl was visible at 72 hr (Fig. 13). At 80 hr 
(Fig, 14) the leaves were larger. Because only the apex is shown in 
median longitudinal section, both leaves cannot be optimally seen. 
Microspectrophotometry 
Microspectrophotometric measurements of DNA were made from nuclei 
in the median longitudinal section of the apex (Fig. 10). The values 
attained from all regions of the apex were pooled and a mean value 
determined for the apex (Table 1). As in white spruce (Cecich et al., 
1972), it was assumed that the entire apex is involved in foliar 
initiation, not just the peripheral zone where the primordia appear. 
DNA 
The average amount of DNA per nuclear section from 0 to 76 hr is 
summarized in Table 1 and Fig. 15. There is a regular decrease in 
Feulgen absorption from 0 hr (26.10 x 10 ^ ^g DNA) to 24 hr 
(15.03 X 10 ^ ^g DNA). Nuclear division could not be a cause of this 
icuuccu value uecâubè nu iiiii-uses wei-e observed in the shoot apex or 
the rest of the embryo during this time period. Similar results have 
been obtained by Yan't Hof (personal communication) for germinating 
embryos of several angiosperms. It is generally accepted that during 
dormancy compaction or condensation of the chromatin results in a de­
crease in stain intensity, perhaps by reducing the number of sites 
available for hydrolysis or stain uptake. Documentation of this phe­
nomenon does not seem to be available (E. Rasch, personal commun­
ication). By rearranging the final two-wavelength equation for 
determining relative amounts of chromophore; 
25 
Table 1. Summary of the average amount of DNA, RNA, and proteins 
per cell 
DNA X 10 RNA-relative amount Protein-relative amount 
h r x S x  X S x  X S x  
0 26.19 1.62 295.23 15.37 488.63 23.78 
12 18.82 0.84 460.95 19.89 357.76 17.76 
24 15.03 0.70 465.57 16.76 488.33 24.18 
36 16.41 1.25 476.74 20.52 500.12 25.46 
40 511.00 18.07 393.03 21.15 
44 16.57 1.54 486.13 18.14 444.35 21.07 
48 18.34 1.56 519.84 19.24 428.44 21.08 
52 18.63 0.91 558.35 22.62 458.59 22.94 
56 23.79 1.09 443.65 18.92 403.63 21.63 
60 23.22 0.92 4h8.h7 15.98 436 2.3 20, ày, 
64 24.72 1.04 428.43 17.41 545.77 24.92 
68 21.40 1.75 466.53 18.58 444.77 21.13 
72 24.90 2.22 - - -
76 25.94 1.43 456.51 23.19 449.00 21.39 
80 401.47 17.88 412.09 19.25 
84 508.03 19.95 433.50 17.72 
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M = LaCB 
kglnlO 
(see appendix for derivation) 
the projected area, A, of the nuclei at 0 hr and 12 hr was determined 
from the equation: ^ 
(2-Q) 
The reader is directed to Rasch and Rasch (1970) for theoretical 
considerations of the technique. The relative projected areas of the 
chromatin at 0 hr and 12 hr are 11.54 and 12.85 square units, 
respectively, significantly different at the 5% level of probability 
as indicated by the F test. 
The DNA values from 0 hr to 76 hr were arranged in frequency 
distributions according to the procedures in King (1971) (Fig. 16 ; 
Table 2) and were also plotted on normal probability paper to 
ascertain population profiles (Fig. 17). The only published work 
(Brunori and D'Amato, 1967) on DNA content for dormant pine seeds 
(Pinus pinea) shows that all nuclei in the cotyledons, shoot tips 
and root tips contain the 2C (unreplicated) amount of DNA. If this 
is also true for the nuclei in the jack pine shoot apex, then all 
1 0/-V-H cHoiilH chow a r»r\r«mn 1 r»n * i A ono 
population of 2C nuclei, until DNA synthesis begins. This is 
exactly what was observed, except that the mean values changed with 
Lime. The probit plots show straight lines, indicating a normal 
distribution, until 44 hr, when a heterogeneous population indicated 
that DNA synthesis has begun in some nuclei (Fig. 17). 
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Table 2. Cumulative frequency distributions for DNA 
Time(hr) Class O.F.* C.F.^ C.P.^ 
15- 8 8 0.167 
19- 7 15 0.312 
23- 12 27 0.562 
27- 10 37 0.771 
31- 7 44 0.917 
35- 3 47 0.979 
39- 1 48 
11- 10 10 0.120 
14- 21 31 0.373 
17- 23 54 0.651 
20- 17 71 0.855 
23- 3 74 0.892 
26- 6 80 0.964 
29- 2 82 0.988 
32- 1 83 — 
9- 11 11 0.131 
11- 19 30 0.357 
13- 17 47 0.559 
15- 16 63 0.750 
17- 14 77 0.917 
19- 5 82 0.976 
21- 2 S4 
8- 11 11 0.123 
11- 17 28 -.314 
14- 28 56 0.629 
17- 15 71 0.798 
20- 11 82 0.921 
23- 5 87 0.978 
26- 2 89 — 
7- 11 11 0.145 
11- 31 42 0.553 
15- 14 56 0.737 
18- 6 62 0.816 
22- 5 67 0.881 
26- 7 74 0.974 
29- 2 76 — — 
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(Table 2, continued) 
Tiine(hr) Class O.F. C.F. C.P. 
9- 19 19 0.257 
13- 21 40 0.540 
17- 18 58 0,784 
21- 11 69 0.932 
25- 1 70 0.946 
29- 1 71 0.959 
33- 3 74 
10- 13 13 0.178 
13- 17 30 0.411 
16- 20 50 0.685 
19- 9 59 0.808 
22- 6 65 0.890 
25- 2 67 0.918 
to
 
00
 1 6 73 
12- 12 12 0.152 
16- 10 22 0.278 
19- 12 34 0.430 
23- 15 49 0.620 
26- 13 62 0.785 
29- 15 77 0,975 
33- 2 79 — 
1 "2- H h 0. j .->8 
16- 6 12 0.316 
20- 9 21 0,553 
24- 8 29 0.763 
28- 7 36 0.947 
32- 2 38 - -
13- 14 14 0.159 
16- 18 32 0.364 
20- 11 43 0.489 
23- 8 51 0.580 
27- 15 66 0.760 
30- 12 78 0.886 
34- 10 88 — — 
(Table 2 ,  continued) 
Tlme(hr) Class O.P. C.F. C.P. 
14- 12 12 0.240 
17- 10 22 0.440 
20- 11 33 0,660 
23- 7 40 0.800 
26- 8 48 0.960 
28- 0 48 0,960 
31- 2 50 
16- 12 12 0.240 
20- 20 32 0.640 
25- 10 42 0.840 
30- 5 47 0.940 
35- 0 47 0.940 
39- 1 48 0,960 
44- 2 50 
— 
17- 6 6 0,120 
20- 11 17 0,340 
23- 10 27 0,540 
26- 10 37 0.740 
29- 6 43 0.860 
32- 5 48 0.960 
35- 2 50 — — 
O.F. = Observed frequency 
C.F. = Cumulative frequency 
P D — r*linwi1 a ^  -I tPA K4 14 4... 
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As DNA synthesis continued, mitotic figures in the apex indicated 
that DNA synthesis is not synchronous. The first mitotic figure in 
the apex appeared at 52 hr in the peripheral zone (Fig. 10), agreeing 
with Chouinard (1959). 
There was a non-significant reduction in DNA quantity at 68 hr 
(Table 1, Fig. 15), coinciding with an increase in the number of 
mitotic figures. These nuclear divisions would result in a population 
of cells having a higher frequency of 2C nuclei, thereby reducing the 
mean amount of DNA. The DNA quantity increases again at 72 hr. 
A one-way analysis of variance indicated a significant difference 
among collection times (see Appendix, Table 6) 
RNA 
Relative amounts of RNA per cell from 0 to 84 hr are summarized 
in Table 1 and Fig. 15. The nested analysis of variance (see appendix, 
Table 6) indicated a significant difference among the means and among 
observations per replication. There was a significant increase in 
RNA from 0 to 12 hr and from 12 to 52 hr (Fig. 15, Table 1), almost 
doubling the quantity during the first 52 hours. The peak at 52 hr 
was followed by a significant loss at 56 hr. There was a significant 
increase in RNA between 80 and 84 hr. In general, however, there 
appeared to have been a gradual reduction in RNA per cell from 52 
to 84 hr. 
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Proteins 
The relative amounts of proteins per cell are summarized in 
Table 1 and Fig. 15. The nested analysis of variance showed sig­
nificant differences among the means (Table 6) within their 
standard errors The mean protein values from 0 to 36 hr appeared to 
be the same, except the 12 hr collection was significantly lower than 
the 0 and 24 hr collections (Table 1). I feel, however, that the 
values obtained from the 12 hr collection were influenced by some 
treatment error. While it is possible that there could be a mobili­
zation of stored proteins in the first 12 hours and then de novo 
synthesis of proteins to the original value, this does not seem 
probable. Microscopic observations of the apex cells during the times 
in question show no visible changes in stored proteins or in stain 
intensity of the cytoplasm or nucleus. 
The significant decrease in proteins after 36 hours was, in part, 
a measurement of the hydrolysis of the reserve protein bodies. 
Microscopic observations indicate a reduction in the number of protein 
bodies beginning at this approximate time (Fig. 18, 19). 
Linear and curvilinear regression analyses were performed on the 
data from 40 to 84 hr to more accurately interpret the distribution of 
the means. The fitted linear regression line (a = 418.68224299, 
b = 0.36532042; where a is the y-axis intercept at 40 hr and b is the 
regression coefficient) indicated a non-significant increase with 
time (Fig. 15). The best fit using the curvilinear regression 
analysis, as determined by the magnitude of the residuals, was with a 
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fifth degree (5°) polynomial equation. It is interesting that the 
projected curve peaked at 68 hr, just before the appearance of the 
first leaf. This is also the approximate time when many nuclei con­
tain the 4C, replicated amount of DNA, which also is associated with 
an Increase in proteins. It is generally accepted, however, that a 
biological response cannot be interpreted with an equation beyond the 
second degree. Therefore, the interpretation based on the linear 
regression will be used. 
Transmission Electron Microscopy 
Subcellular ontogeny 
Table 3 summarizes the qualitative changes in organelles of the 
shoot apex which were observed from 48 to 168 hr, Changes in each 
structure listed in Table 3 are discussed in more detail in the 
ensuing paragraphs. 
rlâslius 
There were about 10 plastids per field of view at 3670 X from 
48 to 65 hr, increasing to 13 or 14 plastids from 72 to 168 hr 
(Fig. 20). During the same time period the number of starch grains 
per plastid was reduced from 0.66 starch grains to 0.10 at 108 and 
168 hr (Fig. 20). Osmiophllic bodies were always present in the 
plastids. Prolamellar bodies were observed in one 65 hour collection 
(Fig. 21,22). The number of lamellae occasionally increased at 108 
and 168 hr (Fig. 23,24). Invaginations of the inner surrounding mem­
brane of the plastids were always present, but were more noticeable 
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Table 3. Ultrastructural changes in shoot apex cells 
Organelle 48 hr 56 hr 65 hr 
Plastids 
Lipid bodies 
ER (Rough) 
(Smooth) 
Protein bodies 
(PB) 
Microbodies 
Nucleus 
Nucleolus 
Mitochondria 
T ^  J J  ^rN JL c k? 
Cell walls 
Plasroodesmata 
Ribosonies 
Vacuoles 
Microtubules 
Starch abundant Less starch 
Osmiophilic drop- = 
lets present 
Tubules = 
Stroma-light = 
staining 
Abundant = 
In stacks = 
Single, tubular = 
Breaking down = 
Little starch 
Present 
Uniformly granular 
Fibrillar and 
light-staining 
Pleomorphic 
Opaque 
Few 
Not fixed well 
None 
Present 
Some PB vacuoles 
Some heterochromatin 
Small 
Microfilaments None 
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(Table 3, continued) 
Organelle 72 hr 108 hr 168 hr 
Plastids 
Stroma denser 
Lipid bodies 
ER (Rough) 
(Smooth) 
Fewer 
Long, Tubular 
Protein bodies PB vacuoles 
(PB) 
Microbodies = 
Nucleus 
Nucleolus = 
St roma 
densest 
Occa­
sional 
Heterochromatin 
Mitochondria 
Golgi bodies 
Cell walls 
Plasmodesmata 
Ribosomes 
Vacuoles 
Microtubules 
Microfilaments 
Larger 
Dense 
Many 
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when the stroma density increased at 72 hr (Fig. 25). Stroma density 
was greatest at 168 hr. 
Lipid bodies 
The abundance of lipid bodies in the cytoplasm of all cells of 
the embryo is undoubtedly the most prominent ultrastructural feature. 
The lipid bodies in the cells of the surface layer of the apex were 
significantly smaller in diameter (0.618 ± 0.095 |im) than those in the 
rest of the apex and hypocotyl (0.971 ± 0.027 jim). With the fixation 
techniques employed, they appear very electron dense (Fig. 26). In 
some micrographs apparent inclusions (Fig. 27) within the lipid bodies 
are possibly artifacts caused by the lead in the lead citrate, which 
extracts cell constituents upon prolonged staining (Kay, 1965). 
There was no reduction in the number of lipid bodies per cell at 
48, 56 and 65 hr. At 72 hours no "oil (lipid) body vacuoles" (Horner 
and Arnott, 1966) were observed, even though there was a reduction in 
the number of lipid bodies per cell. This may be the result of several 
conditions. Although a unit membrane can be seen surrounding the 
lipid bodies (Fig. 28), it may not be a "true" membrane but just an 
interface. Therefore, as the lipids are metabolized, no residual 
vacuoles would be found. Another possibility is that lipid body 
degradation may occur after the first leaves are initiated; i.e., 
about the first 72 hours post imbibition. In one 72-hour collection, 
many lipid bodies appeared to be in various stages of degradation, as 
indicated by myelin-like figures within them (Fig. 29,30). 
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These were seen at almost all collection times, but only as occasional, 
random occurrences. Another possibility is that the reduction of 
lipid bodies per cell may be a result of cytokinesis. That is, the 
lipid body content per cell may be subdivided with every cell division, 
even though the content per embryo may not change, I have not tested 
this hypothesis experimentally. 
Endoplasmic reticulum 
In the 48, 56, and 65 hr collections, small stacks of rough 
endoplasmic reticulum (RER), composed of 5 to 10 cisternae, were seen 
in cells throughout the apex (Fig. 31,32). Several stacks were often 
seen within one cell (Fig. 33), The later collections were void of 
these stacks, indicating a probable change in metabolic activity of 
the apex cells. Relatively long ER cisternae were evident at 72 hours 
and later (Fig. 34), There did not appear to be any spatial relation­
ship between lipid bodies and the ER. 
Protein bodies 
Rost (1972) placed seed protein bodies (PB's) into three cate­
gories. Type-1, lacking inclusions in the protein matrix; Type-2, 
with globoid inclusions (stored phosphorus); and Type-3, with globoid 
and crystalloid inclusions (crystalline protein). During preliminary 
work to select optimum fixation, PB's in the jack pine embryo at 36 
hr showed little degradation and appeared to be without inclusions 
(Fig. 35). With polarization optics, no birefringence was observed 
in the PB's of paraffin- or Epon-embedded embryos or garnetophytes. 
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Durzan et al. (1971a) also did not find crystalloids within the jack 
pine PB's. During late embryo development in Picea abies, however, 
Gregory and Romberger (1972) reported that the PB's often displayed 
birefrlngent inclusions. Chouinard (1959) reported the presence of 
usually 2 globoids in the PB's of jack pine apices. These observations 
support Rost's (1972) generality that there is a lack of family-
correlated trends concerning the presence of protein body inclusions. 
Since ultrastructural observations were begun at 48 hr, only 
partially digested PB's were observed in the hypocotyl (Fig. 36) and 
the apex (Fig, 37) at that time. This is m agreement with the re~ 
duction in protein content per cell after 36 hr detected by cytophoto-
metry (Fig. 15). Figures 38 and 39 show the appearance of the shoot 
apex PB's at 65 and 72 hr, respectively, after further digestion of 
the matrix. The resulting PB vacuoles (Guilliermond, 1941) were 
never completely emptied, but contained a residue (Fig. 39). 
Size of the PR's seemed to be tissue-dependent. Those found in 
the surface layer of apex cells were significantly smaller in diameter 
(0.81 ± 0.03 ^ im; Fig. 40), as determined by the F test, when compared 
to those in the subapical and cortical cells of the hypocotyl 
(2.20 ± 0.08 urn) (Fig. 40). Tepper (1964), Gregory and Romberger 
(1972), and Riding (1972) observed the same relationship in other 
gymnosperm embryo apices. 
With the exception of the cells in the surface layer of the apex, 
which appeared to be somewhat synchronous in relation to digestion of 
their PB's, various stages of PB digestion could be observed within 
one cell (Fig. 36,40). Two patterns of digestion were observed. In 
the first (Fig. 41), the protein matrix became progressively dis­
persed, similar to the patterns in Vicia faba (Briarty, Coult, and 
Boulter, 1970) and Yucca (Horner and Arnott, 1965). In the second 
type (Fig. 42), peripheral and internal pitting similar to that re­
ported in Setaria lutescens was seen (Rost, 1972). While this type 
of PB looks similar to PB's containing crystalloids, it must be 
emphasized that birefringence, associated with the crystalline 
nature of crystalloids, was never observed in these PB's. Fig. 43 
shows the single unit membrane which surrounds the PB's. No tissue 
to tissue direction of PB digestion was apparent at 48 hr. 
As in most seeds (Guilliermond, 1941; Lott and Vollmer, 1973), 
the digested PB's in jack pine, visible with the light microscope 
at 65 hr in the hypocotyl cortex (Fig. 44), were the source of the 
first vacuoles seen during germination. While the PB vacuole's initial 
size may be related to the size of the PB from which it originated 
(Fig. 45), a subsequent mechanism seemed to account for its enlarge­
ment. In addition to the swelling in size commonly associated with 
degrading PB's (Fig. 46), further swelling occurred which separated 
most of the matrix from the bounding unit membrane (Fig. 47,48). 
Th-i G i r» a T/ammlo u;HHr>Vi nnn+a i an n nr*nTnnl c»! v Hicrc»Ql"pH 
protein matrix (Fig. 47). At 168 hr, vacuoles which appeared similar 
to those in Fig. 47 contained material which had the appearance of 
tannin compounds (Fig. 49,50). 
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Since it was not within the scope of this study, the female game-
tophyte was observed only occasionally. After mercuric bromphenol 
blue staining, light-staining, non-polarizing inclusions could be seen 
in most PB's. With the electron microscope these inclusions appeared 
to be globoids (Fig. 51). One PB in the female gametophyte had a 
crystal-like organization within its matrix (Fig. 52). Perhaps the 
matrix itself can assume crystalline characteristics. As stated pre­
viously, no birefringence was seen in the gametophyte PB's. 
Microbodies 
Microbody identification was based on the granular texture of 
its contents, its small size, and that it is bounded by a single 
membrane. These microbodies are probably glyoxysomes, organelles 
which contain the key enzymes for the glyoxylate cycle (Breidenbach, 
Kahn, and Beevers, 1968), because of their association with lipid 
bodies instead of photosynthetic plastids (Fig. 53). The microbodies 
were present in all collections, even though lipid digestion was not 
apparently occurring. 
In one 72 hr collection, single-membrane bound, pleomorphic 
microbodies were abundant in the procambial tracheids with developing 
helical thickenings (Fig. 54,55). "Second generation" microbodies 
appeared to pinch-off from the existing microbodies (Fig. 55), 
Rigatuso, Legg, and Wood (1970) have described this phenomenon in re­
generating rat liver. Crystalline inclusions, probably catalase, 
were found in some of the microbodies (Fig. 56, 57). Lamellar aggre­
gations (Fig. 57) were found in the smaller microbodies. Frederick 
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and Newcomb (1968, 1971) have shown fibrillar units with distinct struc­
ture in microbodies of Avena and Phleum. The lamellar structures with­
in these jack pine microbodies resemble the multiple marginal plates 
often seen in animal microbodies (Hruban and Rechcigl, 1969). A micro-
body with internal lamellar structure, similar to those in the tracheid 
microbodies, was found in a cell from the subapical region (Fig. 58). 
Pleomorphic microbodies were observed in 168 hr (7 days old) 
female gametophyte tissue which was depleted of its protein reserves 
and most of its lipid (Fig. 59,60). Durzan et al. (1971a) found that 
soluble proteins in the female gametophyte of jack pine wore rcduced 
on the 10th day of germination thus supporting my results. Many of 
the microbodies had cytoplasmic invaginations (Fig.61,62) like those 
in sunflower and cucumber (Gruber et al., 1970). Some microbodies 
appeared to be surrounding or engulfing other microbodies (Fig. 62). 
Nucleus 
The nucleoplasm appeared uniformly granular ana stained lightly 
in the 48 and 56 hr collections (Fig. 63), and in most of those at 
65 and 72 hr. The i'irsL mitoses in the apex occurred at approximately 
52 hr, after which the chromatin appeared to become heterochromatic; 
i.e., containing dense-staining chromatin. Most nuclei were still 
euchromatic, indicating they had probably not yet divided. The 108-
hour nuclei contained an intermediate amount of heterochromatin 
(Fig. 64) when compared to the 168 hr nuclei, which were very hetero­
chromatic (Fig. 65). 
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Polysomes were found on the outer nuclear membrane (Fig. 66), 
as well as on the ER. The nuclear pores could easily be seen 
in sagittal sections of the nuclei (Fig, 67). Crystalline 
inclusions were never found in the nuclei. 
Nucleolus 
Pine nuclei have variable numbers of nucleoli (Zirkle, 1931). 
In P. banksiana six nucleoli were common (Fig. 68). The fibrillar 
(F) and light-staining (L) regions of the nucleoli (Jordan and 
Chapman, 1971) were usually evident (Fig. 69). Nucleolar-
associated chromatin, adjacent to the nucleolar organizer (Fig. 
70, 71), was usually evident in the heterochromatic nuclei. 
Clusters of ribonuclear protein granules (RNP) were often seen 
in the nucleoplasm of the euchromatic nuclei (Fig. 72,73). 
Nucleolar vacuoles were occasionally seen (Fig. 74). During late 
telophase prenucleolar bodies (LaFont'aine, 1958) were usually 
observed (Fig. 75,76). 
Mitochondria 
The mitochondria were pleomorphic at all stages of germination 
ranging in shape from spherical to very elongate to dumb-bell 
shaped (Fig. 77). 
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Golgi bodies 
Figure 78 shows the changes in the number of Golgi bodies per col­
lection time, The significant increase in the number of Golgi 
bodies with each successive collection between 56 and 108 hr 
probably reflected the general increase in cellular metabolism, 
especially intracellular transport. The increase in mitotic fre­
quency during that time resulted in formation of new cell walls 
between mother and daughter cells (Fig. 79). The Golgi body 
vesicles have been implicated in the transport of non-cellulosic 
wall constituents (Whaley and Mollenhauer, 1963). In the developing 
tracheids of jack pine embryos there were twice as many Golgi bodies 
as in the apical cells (Fig. 80), but they were not included in the 
calculation of Fig. 78. 
Cell walls 
The primary cell walls of the shoot apex from 48 to 108 hr 
(Fig. 81) were electron transparent when compared to the 168 hr walls 
(Fig. 82). This may reflect a change in the composition of the cell 
wall. Plasmodesmata were found in the walls (Fig. 83) but appeared 
more abundant at 168 hr (Fig. 84), 
Ribosomes 
Ribosomes generally did not fix well in the germinating seeds. 
Therefore, comparisons of the number of ribosomes per sampling time 
would be difficult as would correlation with the RNA cytophotometry 
data. 
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Vacuoles 
Vacuoles and their precursors have been discussed in relation 
to protein bodies and lipid bodies. 
Microtubules and microfilaments 
Microtubules are generally found adjacent to the plasmalemma 
and cell wall and are probably involved in some aspect of wall 
deposition (Fig. 85). Microtubules are also an integral part of 
the mitotic apparatus (Fig. 86). Microfilaments were never seen 
in the cytoplasm of these cells. 
Soluble Proteins 
The embryo and gametophyte showed an abrupt reduction in soluble 
proteins during the first 12 hr (Fig. 87, Table 4). Soluble proteins 
in the embryo continued to drop until 84 hr, while the gametophyte 
showed an increase to 48 hr and then a drop. Durzan et al. (1971a) 
followed germinating jack nine seeds for 10 nays and fonnn the sainne 
patterns for soluble proteins in the embryo and gametophyte. On the 
sixth day of their study soluble proteins peaked a second time and 
were dissipated by the 10th day. Durzan et al. (1971a) offered no 
interpretation for the pulsating amounts of soluble proteins in 
the gametophyte. I cannot offer a solution to the problem without 
doing labelling experiments to see if amino acids are being in­
corporated into proteins at the times the peaks occur. Such exper­
iments are beyond the scope of this study. 
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Table 4. Summary of soluble protein measurements 
Hour 
Seed^ 
weight 
Embryo^ 
weight 
Gameto-^ 
phyte 
weight 
O.D.per^ 
embryo 
O.D.per^ 
embryo 
weight 
O.D.per^ 
gameto-
phyte 
0 
O.D.per 
gameto-
phyte 
weight 
0 2. 55 0.36 2. 19 0.042 11.7 0. 293 13.4 
12 3. 25 0.62 2, ,63 0.039 6.3 0. ,242 9.2 
24 3. 25 0.66 2, ,59 0.037 5.6 0. ,250 9.7 
36 3. 47 0.81 2, ,66 0.031 3.8 0, 264 9.9 
48 3 .31 0.87 2 .44 0.038 4.4 0 .274 11.1 
60 3 .79 1.18 2 .61 0.037 3.1 0 .282 10.8 
72 4 .35 1.68 2 .67 0.034 2.0 0.266 10.0 
84 5 .25 2.52 2 .73 0.034 1.3 0 .246 9.0 
a 
Fresh weight in mg. 
b 
Optical density at 500 nm per embryo 
c 
Ratio of b/a 
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The changes in fresh weight of the seed during germination (Fig. 
88, Table 4) followed the same pattern noted by Goo (1952), Goo and 
Furusawa (1955), Stanley (1958), and Katsuta (1959). There was an 
initial rise during the first 12 hr, followed by a plateau and a 2nd 
rise at 60 hr. Fresh weight of the gametophyte did not vary after 
the initial imbibition of water during the first 12 hr (Fig. 88, 
Table 4). After the initial uptake of water by the 12th hr, the 
embryo showed an increase in fresh weight at 60 hr (Fig. 88, Table 4) 
when the root tip was protruding from the seed coat. This increase 
in embryo weight accounted for the change in total seed weight. 
Durzan, Mia, and Wang (1971b) found that the intake of tritiated water 
into the jack pine embryo was completed during the first 6 hr. 
Peroxidase 
Wet assay 
The wet assay for peroxidase (Worthington Biochemical Corp., 
1972) indicated there was no peroxidase activity in the jack pine 
seeds until 36 hr (Fig. 89). This was followed by a regular increase 
in activity, which peaked at 72 hr and dropped in the 80 and 90 hr 
collections (Fig. 89). 
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portion of the reaction curve extended over a two minute period in 
all collections to 80 hr (the 80 hr collection is shown for compari­
son). Before one minute had elapsed the 90 hr collection lost its 
linear response and became curvilinear. Two possibilities might 
account for this change. The enzyme-substrate complex (peroxidase-
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^2^2^' assumed in Michaelis-Menten kinetics, may have caused a shift 
in the absorption maximum (460 nm) for this reaction (Lehninger, 1970). 
Therefore, the optical density peak at 460 nm would not be accurate 
after one minute and the result would be an apparent drop in optical 
density as the peak shifted. The speculated change in the peroxidase-
H2O2 complex concentration might be caused by an increase in concen­
tration of the enzyme or the substrate until saturation of the avail­
able reaction sites on the enzyme occurred. 
Another possibility is that catalase, an enzyme which also 
catalyzes the degradation of H2O2; be competing with peroxidase 
for the substrate (John C. Gordon, personal communication). If the 
two enzymes were catalyzing the H2O2 degradation simultaneously, a 
more rapid loss of H2O2 would occur and thus bias the peroxidase 
reaction, as exemplified by the curvilinear change in optical density. 
This hypothesis will be tested at a later date. If catalase was 
involved, it is iiiLeresLiriK Lu alao sueculale that the source of 
catalase activity was related to Uie catalase crystals which appeared 
in the microbodies of the developing tracheids at 72 hr (Fig. 57). 
This is only speculation since Reddy et al. (1970) have shown that 
catalase synthesis and microbody proliferation did not seem to be 
related. 
Gel electrophoresis 
Densitometric scans of the photographic negatives of the 
cathodal peroxidase gels (Fig. 91) indicated that there were five 
bands at 12 hr - 2, 8, 10, 12 and 15 mm from the origin 
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on the negative (Fig. 92). The 15 mm band was apparently masked by 
the 12 mm band until 60 hr, when its relative intensity increased. 
Perhaps this 15 mm band was related to root elongation which began 
between 48 and 60 hr. The 10 ram band was not visible after 48 hr, 
possibly being masked by the 8 and 12 mm bands or that particular 
isozyme may have lost its activity after 48 hr when the seed coat 
split. At 80 hr a band appeared 0.5 mm from the origin. The 
isozyme was probably present prior to 80 hr but may have been masked 
by runover from the origin (Fig. 91). Durzan and Ramaiah (1971) 
found five cathodal isoenzymes of peroxidase but did not mention 
the age of the sample or the technique employed. In embryos of 
knobcone pine, Conkle (1971) found 3 cathodal peroxidase bands only 
after the root elongated 1 mm. No bands were seen prior to this time. 
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discussion 
The results indicate that the morphological changes in the apex 
during germination and leaf initiation are preceded by changes in DNA, 
RNA, proteins, and subcellular organization. These results and those 
in the literature must be synthesized into a plausible, developmental 
sequence relating to rejuvenation of the apex and leaf initiation. For 
instance, one hypothesis is that gibberellins (GA) are the primary 
stimulus for germination, but that cytokinins remove the inhibitor, 
abscisic acid, to permit completion of GA-mediated processes (Khan, 
1971; Khan et al., 1971). 
Toole et al. (1956) reviewed other germination factors, such as 
temperature, light and dark, and various interactions of these. Hatano 
and Asakawa (1964) provided an extensive review of physiological proc­
esses in tree seeds during maturation, storage, and germination. 
Mnyer and Po] jakoff-Maylier (1963) reviewed si mi ] ar problems in herb­
aceous plants. Chamberlain (1935) provided little insight into ana­
tomical aspects of gymnosperm seed germination. Besides providing a 
brief overview of the germination processes, Berlyn (1972) described 
the anatomy of germinating Zea mays and Pinus lambertiana. 
The first sign of germination is a rapid increase in respiration, 
which often begins 1 hr after the commencement of water imbibition 
(Stiles and Leach, 1932). As in buds of dormant potato tubers (Tuan 
and Bonner, 1964), the breaking of seed dormancy is undoubtedly 
accompanied by a derepression of genetic material. 
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Rejman and Buchowicz (1971) determined that during wheat 
germination the order of macromolecular synthesis was RNA, protein, 
then DNA. ^^C-uridine was incorporated into messenger RNA during 
the first 3 hr (Rejman and Buchowicz, 1973). This substantiates 
earlier work on wheat (Marcus and Feeley, 1964; 1966) stating that 
formation or activation of mRNA during imbibition was essential for 
the protein synthesizing apparatus to become functional. The very 
early mRNA synthesis seems reasonable because dormant wheat embryos 
are richer in total RNA polymerase activity than germinating ones 
(Mazus, 1973). She felt that this RNA polymerase was sufficient to 
catalyze the synthesis of all RNA species during early germination. 
Meanwhile, Dobrzanska et al. (1973) concluded that transcriptional 
events during wheat germination were activated in a cascade manner. 
Activation of the synthesis steps were considered to be in the order 
of mRNA, protein, DNA, rRNA and tRNA; followed by the first wave 
of mitoses. The abundance of RNA polymerase that Mazus (1975) 
found could have been used in synthesizing the above-mentioned 
RNA species. 
As in wheat, protein synthesis in germinating Vicia faba pre­
ceded DNA synthesis (Jakob and Bovey, 1969). During the first cell 
cycle in germinating Vicia faba, most RNA synthesis preceded the 
bulk of DNA synthesis, occurring during Gj and early S (Jakob, 1972). 
He also felt that continuous protein synthesis was necessary for 
completion of the cell cycle. McLeish (1969) used microspectro-
photometry, interferometry, and autoradiography to study nuclear 
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characters in Vicia faba and found that the RNA increase parallels 
the DNA increase up to 25 C, where a chromosomal RNA seems to be 
repressed. 
Smith (1971) found that cytoplasmic RNA was high in dormant 
Pisum arvense. Chapman and Rieber (1967), not cited by Smith (1971), 
found that dormant Pisum arvense seeds had dense concentrations of 
free ribosomes in association with the mitochondria. Only occasional 
polysomes were found, visual evidence that mRNA is required early in 
germination for protein synthesis (Biswas, 1969). Deltour (1970) 
localized RNA synthesis in the root of germinating corn exclusively 
in the chromatin between 4 and 8 hr after soaking. In this time study 
he found that ^H-uridine incorporation moved to the nucleolus and then 
to the cytoplasm. He was unable to draw any conclusions regarding the 
mechanism of nuclear to cytoplasmic labelling. 
In germinating red pine embryos, Sasaki and Brown (1969) detected 
a rtJÙuuLiuu ill D«A quanLlLy un the third day, followed by a 3.5-foid 
increase per embryo during the first 14 days. This is misleading 
since a per-embryo basis does not reflect the per-cell amount. The 
reduction in DNA at 3 days corresponded to the first wave of mitoses 
during germination (Sasaki and Kozlowski, 1969). Ribosomal RNA did 
not show an increase until 48 hr and, like DNA, rose continuously 
during the 14 days. Sasaki and Brown (1971) added biochemical evi­
dence, supporting Chapman and Rieber's (1967) observations, that 
dormant embryos contain mostly free ribosomes, which decrease in 
numbers as polysomes are formed after 4 hr imbibition, 
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Durzan et al.(1973) exposed germinating jack pine seeds to 
uracil-6-^H and, in addition to biochemical characterization of 
labelled compounds, localized RNA in the apex by staining and auto­
radiography. In dormant embryos most stain was in the nucleus. Their 
observation that weak cytoplasmic staining was caused by an abundance 
of protein and lipid bodies is repeatedly supported by the ultra-
structural observations in this study. They found a considerable 
increase in RNA staining at 96 hr, corresponding to the 48 or 52 hr 
collections in this current study when RNA content peaked (Fig. 15). 
In comparing almost any parameter common to this study and those by 
Durzan's group, a specific event seems to occur twice as fast in this 
study. Two differences in germination conditions - temperature and 
photoperiod - might account for the difference in development. My 
material was grown under warmer temperatures (24 C days and 21 C nights 
vs. 20 C continuously) and with a 7 hr dark period. Durzan's group 
uses a continuous phoxoperioa ^24 nr aay) wnicn, togetner witn tne 
cooler temperature, may inhibit development. Generally speaking, 
seeds germinate bettor when exposed to alternating temperatures, not 
continuous ones (Hatano and Asakawa, 1964). 
Balevska and Hristova (1973) examined 3 Pinus nigra seed sources 
and found that RNA synthesis in the embryo increased in the first 24 
hr in all seed sources, but DNA increased abruptly in only one seed 
source. After 96 hr all seeds had reached a maximum value and differed 
by 15%. This is another example of intraspecific variation in DNA 
content (Miksche, 1968). 
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Roy, Donini, and Brunori (1972) irradiated Pinus pinea seeds and 
found that it inhibited, but did not change, the pattern of DNA, RM 
and protein synthesis in the cotyledons. They noted that protein 
content of the cotyledons dropped during the first 5 days, undoubt­
edly reflecting the degradation of storage protein bodies into amino 
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acids. C-leucine incorporation was lowest on the 9th day, cor­
responding to the peak of DNA synthesis and mitoses. 
The relative DNA content of cells of dormant seeds varies with 
the taxa. Dormant lettuce seeds contain nuclei with only the 2C 
amount of DNA, when measured cytophotometrically (Brunori and D'Amato, 
1967) and by ^H-thymidine labelling (Feinbrun and Klein, 1962). in 
germinating Zea mays, Stein and Quastler (1963) found no labelled 
mitoses and concluded that all nuclei had a DNA value of 4C (twice the 
diploid value) or more (polyploid) prior to the first wave of mitoses. 
The shoot apex was the last region to become active. Davidson (1966) 
and miksche (1966) found that nuclei in "vicia faba anri <>1 yç-inp may_ 
respectively, seemed to be arrested in the 2C, S (synthetic phase) 
and 4C conditions during dormancy. Brunori and D'Amato (1967) 
used cytophotometry and found only 2C nuclei in the shoot, root, 
and cotyledons of Pinus pinea dormant embryos. They did not 
follow changes in DNA content during germination. Nagl (1967) 
studied ovule development in Pinus silvestxis and found that the 
embryo nuclei stayed between 2C and 4C, except for the diploid rosette 
(a part of the suspensor) which corresponded to 8C. He attributed 
this increase to endoreduplication of the chromosomes or the 
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presence of metabolic DNA (Pelc, 1966). Nagl made no measurements 
on dormant embryos. 
Miksche (1967) described the mitotic cycle time for jack pine. 
The time intervals of interphase were Gj-lS.S hr, 8-7:6 hr, and G2-I.4 
hr. Mitosis was estimated at 1.4 hr and total cycle time was 25.7 hr. 
The observations in this study agree remarkably well with the above-
mentioned times. DNA synthesis was first detected in the 44 hr 
collection (no 40 hr collection) and the first mitosis was seen at 52 
hr. If the total time of S and G2 was 9.0 hr, then DNA synthesis, 
detected at 44 hr (Fig. 17), probably began at 43 hr. 
Several authors have studied requirements for DNA synthesis 
during the mitotic cycle. Hereford and Hartwell (1973) stated that 
protein synthesis in Saccharomyces cerevisiae was required for initi­
ation, but not completion, of DNA synthesis. Webster and Van't Hof 
(1970) demonstrated that protein synthesis was required continuously 
during DNA synthesis, while RNA synthesis could he inhibited and the 
mitotic cycle would be completed. Donnelly and Sisken (1967) found 
that nucleolar RNA synthesis could be inhibited with no effects on 
the mitotic cycle for 3 hr, suggesting that a 3 hr supply of ribosomes 
was present for protein synthesis. Mory, Chen, and Sarid (1972) have 
suggested that, in germinating wheat, one protein which limits the 
entrance of cells into DNA synthesis could be DNA-dependent DNA 
polymerase. Ching and Ching (1972) found that the energy charge, the 
relation of ATP to the other adenosine phosphates (AMP and ADP), was 
highest Just before the highest mitotic index. 
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This is apparently the first report of a change in nuclear mor­
phology from euchromatin to heterochromatin during germination. Until 
now only one citation in the literature presented similar evidence in 
Tradescantia paludosa (Booker and Dwivedi, 1973). The repressed lat­
eral buds of T. paludosa have at their tip a "zone of inhibition" 
which contains nuclei at the 0% stage of the cell cycle. When dor­
mancy was released the nuclei which contained some heterochromatin, 
became more condensed or heterochromatic as they prepared to undergo 
the first mitotic division. The jack pine nuclei differ from T. 
paludosa nuclei in that almost no heterochromatin was visible at 48 hr. 
Also, heterochromatin was not seen prior to mitosis, but only after 
the first mitoses. 
Das (1973) observed an opposite response. After GA treatment, 
the heterochromatic nuclei of lettuce cotyledons became euchromatic 
and RM content of these cells increased, supporting a general con­
tention that heterochromatin is considered relatively inactive in RNA 
synthesis (Berlowitz, 1965). Durzan et al. (1973) showed an auto-
radiograph in which uracil was selectively incorporated in the hetero­
chromatin and the nucleoli. While they did not mention it, this 
could be construed as evidence that heterochromatin, which may be 
composed of repeated nucleotide sequences, can synthesize rna. 
At this point it seems necessary to speculate about the implica­
tions of heterochromatin (Brown, 1966) and repetitious nucleotide 
sequences of DNA (Britten and Kohne, 1968; Britten and Davidson, 
1971) in jack pine. Repeated nucleotide sequences of DNA are multiple 
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copies of certain codons and are produced by unknown mechanisms. 
The multiple copies have the capacity to produce large multiples or 
copies of RM for enzyme synthesis, Miksche and Hotta (1973) have 
shown that BNA from germinating root tips of jack pine contained more 
repetitious nucleotide sequences than dormant seeds. The ultra-
structural observations of the increase in the amount of hetero-
chromatin between 48 and 168 hr in this study may account for the 
increase in repetitious DNA that they suggested was a part of onto­
geny as well as phylogeny. In addition to the several gymnosperms 
Miksche and Hotta (1973) examined, repetitious DM has been found in 
other plants (Mitra and Bhatia, 1973; Ranjekar and laFontaine, 1973). 
Repetitious DNA has been localized in heterochromatin (Arrighi et al., 
1970). 
The rRNA locus in the genome of gymnosperms is generally larger 
than the locus in angiosperms (Hotta and Miksche, 1974). Thus, these 
plants have the potential for prouUciuK relatively large amounts of 
rRNA and, subsequently, ribosomes for protein synthesis. Perhaps 
there is a positive correlation between the large rRNA locus size 
and the large number of nucleoli in gymnosperm nuclei (Zirkle, 1931). 
During foliar initiation in wheat, the zone richest in pyronine-
stained RNA coincided with the cells of greatest mitotic activity, 
thus further delineating the anneau initial or peripheral zone 
(Poux, 1960). In a cytophotometric study of leaf initiation in wheat, 
Evans and Berg (1972) did not cite Poux (1960), even though their 
results were identical with her interpretations. 
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Camefort (1951, 1954) found the same RNA results in several mature 
gymnosperms; i.e., the anneau initial had the most intense stain. 
Cecich et al. (1972), however, demonstrated that on a per cell basis the 
apical initials and/or central mother cells could have more RNA than 
the peripheral zone. The larger cell size causes a dilution effect, 
making the smaller cells of the peripheral zone appear denser. 
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Using H-thymidine-labelled Pinus pinea, Taillandier (1965) 
concluded that DNA synthesis was more necessary in the anneau initial 
than other regions of the apex during each step of a plastochron. 
In one of the few cytophotometric studies of a shoot apex, Rembur 
(1972) determined that during a plastochron in Xanthium the 
zones of the apex were relatively independent of each other. The 
anneau initial had varying amounts of DNA during the plastochron, 
greatest during the phases of regeneration and maximum volume, while 
the apical zone and rib meristem remained constant. 
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material, found that the apical zone of Elodea had the 2 C amount of 
DNA, while the corpus and differentiated regions of the plant had the 
4 C amount. 
Cecich et al. (1972) measured amounts of DNA, RNA, and proteins 
in the shoot apex of Picea glauca during the time just prior to leaf 
initiation. RNA for leaf initiation appeared to be transcribed while 
the DNA was at 2 C and relatively free of histones. The mitotic cycle 
was arrested in DNA synthesis lor several days just prior to the 
mitotic wave that preceded leaf appearance. 
Lyndon (1970) also measured DM, RNA and proteins in the apex 
of Pisum sativum and found no change in them in all regions of the 
apex during a plastochron. Biochemical determinations indicated that 
the number of ribosomes v/as constant in the slow- and fast dividing 
regions of the apex, suggesting that polysome formation was regulating 
protein synthesis. Lyndon's (1970) work indirectly substantiates the 
work of West and Gunckel (1968) who felt that the central zone of 
the apex of Brachychiton was far from quiescent since it incorporated 
^H-orotic acid into RNA at a slightly slower rate than the peripheral 
zone, and that the movement of this label from nucleus to cytoplasm 
occurred at the same rate. 
Mia and Durzan (1974) labelled the apices of germinating jack 
pine with uracil-5-^H and, in turn, substantiated the work of West 
and Gunckel by showing that heavy labelling due to RNA synthesis 
occurred in most cells of the meristem, with only lesser amounts in 
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that the radioactivity from the uracil, an RNA precursor, was 
localized mainly over the areas staining strongly for RNA. 
The RNA measured per cell in this study is almost entirely rRNA 
(Evans and Berg, 1972), since other RNA's were lost during fixation. 
The significant increase during the first 12 hr and the subsequent reg­
ular increase up to 52 hr are undoubtedly comparable to the biochem­
ically determined amounts of RNA in whole embryo preparations. The 
significant increase at 12 hr might be related to general cellular re­
juvenation after dormancy and the second peak at 52 hr might be related 
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to leaf initiation which follows shortly. As in Vicia faba (Jakob, 
1972) the bulk of RNA was synthesized during Gj and early S of the 
DNA mitotic cycle. 
The drop in RNA content per cell after the 52 hr peak can 
be accounted for. First, mitoses began at 52 hrs (Fig. 10) 
and subsequently increased in frequency. The increasing number of 
cell divisions would result in a population of apex cells containing 
half the amount of RNA found previous to the mitoses. Therefore, by 
measuring random cells, the overall mean value would be reduced. 
Second, and structurally related to the mitoses, the nucleoli and 
nucleolar organizer regions, which are the sites of ribosomal RNA 
synthesis (Gall and Pardue, 1969), are dissociated during the mitotic 
cycle (LaFontaine, 1958). Thus, the inhibition of rRNA synthesis 
within the nucleolus would also contribute to a lower per-cell value. 
Polyribosomes in Phaseolus vulgaris disappeared early in germina-
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when protein body digestion occurred (Opik, 1966). In Phaseolus 
lunatus ,Klei n and Ben-Shaul (1966) also noted large numbers of ribo-
somes in dormant cells, but could not observe polyribosome formation 
which was detected biochemically. After 24 hr the lipid droplets 
disappeared. 
The density of ribosomes in the axial and peripheral regions of 
the apex of Perilla nankinensis, during several phases of growth 
(vegetative, prefloral, and reproductive), was measured with electron 
microscopy by a point counting technique (Lance-Nougarede and Bron-
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chard, 1965). Ribosomes were significantly denser (60%) in the 
peripheral region as compared to the axial region during the vepetative 
phase only, afterwhich they were equal. Nougarede (1967) has reviewed 
ultrastructural aspects of floral induction in angiosperms. 
Two morphological events occurred at about the same time. 
The stacks of rough endoplasmic reticulum (RER) disappeared after the 
65 hr collection (Fig. 31, 32) and the starch grains per plastid were 
at a minimum (Fig. 20). In barley aleurone cells the stacks of RER 
have been implicated in OC-amylase synthesis and secretions (Vigil and 
Ruddat, 1973). Perhaps the stacks of RER in jack pine also produced 
ot-amylase and that after the starch was reduced to a minimal level, 
the RER quit functioning to make o(,-amylase and changed configuration 
to the long cisternae (Fig. 34). Support for this observation is given 
by Riding and Gifford (1973) who observed that during needle initiation 
in Pinus radiata, starch content decreased in all surface cells of the 
apex. 
Plant microbodies (Vigil, 1973) have been found in many gymno-
sperm taxa (Firenzuoli et al., 1968 a,b,; Ching, 1970; Durzan et al., 
1971a; Vanni et al,, 1973). LaCroix and Jaswal (1973) have shown 
that lipids in cherry seed cotyledons were degraded to acetate which 
was converted by the glyoxylate cycle and gluconeogenesis into 
sucrose and transported to the embryo axis. In addition to 
studying Krebs cycle enzymes during the germination of Pinus lambert-
iana, Stanley and Conn (1957) found that mitochrondria and microsomal 
particles could metabolize fatty acids. The microsomal particles 
undoubtedly contained the enzymes for the glyoxylate cycle. Since 
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the lipid bodies of the jack pine shoot apex of this study were not 
digested prior to leaf initiation, one might postulate that -oxida­
tion of fatty acids or the glyoxylate cycle (Mazliak, 1973) were not 
active in the shoot apex cells. 
Studies of lipase activity during germination have yielded con­
flicting results. Boudon (1953) found that lipolytic activity was 
greater in the embryo than in the gametophyte during germination . Kao 
(1973) and Ching (1966),in contrast, showed that fats in pine and fir 
seeds were digested first in the gametophyte and that the embryo 
showed no change in fat content during the first 15 days of germination. 
Later, Ching (1968) showed that the lipolytic activity was probably 
within the heavy lipid bodies. She also found that the lipolytic pot­
ential appeared to be high in the dry seed, but that little lipolysis 
occurred then. Her results are similar to Nyman's (1965a,b), in 
which lipase activity was found histochemically in dry embryos. In 
germinating wheat seeds the greatest lipase activity was in the 
endosperm (Tavener and Laidman, 1972). 
Several studies have shown that sucrose increases during germin­
ation as lipids are degraded (Hactori and Shiroya, 1951; Goo and 
Negisi, 1952; Rader-Roitzsch, 1957; Barnett and Naylor, 1970). As in 
jack pine, Horner and Arnott (1966) found that oil (lipid) bodies were 
more abundant than protein bodies in Yucca seeds. They also noted 
that the oil bodies were the last reserves to be digested and suggest­
ed that starch formation and accumulation occurred from the break­
down of lipid. This may explain why lipid degradation does not occur 
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in jack pine until 72 hr or later. The reduction in starch at 65-72 
hr may be related to a "signal" which begins the mobilization of the 
lipids. Maitra and Deepesh (1972) presented evidence that starch 
was converted into lipids, thus disagreeing with the above authors. 
Ultrastructural studies of germinating pea embryos (Pisum 
sativum) show that an extensive ER system forms in the first few 
hours of germination (Bain and Mercer, 1966; Yoo, 1970). Lipid bodies, 
initially confined to regions near the plasmalemma, seem to migrate 
toward the center of the cell and become associated with the prolif­
erating ER (Yoo, 1970). Yoo speculated that lipid bodies might be 
involved in some aspects of ER formation. The earliest paper on the 
fine structure of only dormant pea and wheat embryos (Setterfield, 
Stern, and Johnston, 1959) will not be discussed. Their results are 
questionable because of poor fixation (Paulson and Srivastava, 1968). 
The abundance of lipid bodies can present a problem to the light 
Tni r-.roso.oni w'no 4 s  nor. nWRrp nf t  hpir nyoaonr-o Tho<3o r-o M q fTiiilH 
easily be mistaken as vacuolate (Rickson, 1968). This is exemplified 
in jack pine (Fig. 26) where packets of lipid bodies, not resolvable 
with the light microscope, could appear as vacuoles, since the lipid 
would be extracted with most fixatives and the resulting"void" would 
not stain. Nyman's (1976b) account of a continuous, sudano-
philic phase between aleurone grains is undoubtedly an example of 
non-resolvable lipid bodies. 
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In a similar mode, Riding and Gifford (1973) stated that lipids 
stained intensely only in the surface cells of the dormant Pinus 
radiata shoot apex and not the remainder of it (their Fig. 23). The 
results of my study and those of Mia and Durzan (1974) 
indicate that the reduced staining of the subapical region was prob­
ably caused by the abundance of large protein bodies in those cells 
and the reduction of lipid per volume of cytoplasm. The paucity of 
protein bodies in the surface layer of the apex results in more space 
available for the lipid bodies. 
Acid hydrolases, especially acid phosphatase, have been localized 
ultrastructurally and chemically in protein bodies of seeds (Ory and 
Henningsen, 1969; Poux, 1963a,b; 1965). Matile (1968) felt that pro­
tein bodies, because of their acid phosphatase content, should be 
considered functionally as lysosomes, an animal organelle. Aiba 
(1963) suggested that the phosphorus of germinating Pinus thumbergii 
is transferred frcni the eridcspsrn; (gairiStopbyte) to the embryo liypo-
cotyl earlier than other substances. It can be speculated here that 
the acid phosphatases, which are probably in the pine protein bodies, 
are catalyzing the degradation of the stored phosphates and that 
these are utilized in the embryo for macromolecular synthesis and 
phosphorylation. Tigerstedt (1973) has localized acid phosphatase 
in the gametophyte of Picea abies. 
The histochemical localization of acid phosphatase in Pinus 
lambertiana (Fosket and Miksche, 1966) and P. radiata (Riding and 
Gifford, 1973) is inconsistent with the localization of acid phospha-
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tase in protein bodies. A positive histochemical reaction would be 
expected where PB's are largest and most abundant. This was not the 
case in either of the two above-mentioned papers which demonstrated 
intense acid phosphatase activity only in the surface cells and 
future central mother cells. These regions of the apex, as evidenced 
by this current study and Mia and Durzan (1974), contain the fewest 
and smallest PB's. Fosket and Miksche's (1966) observations differ 
with the evidence that acid phosphatase is found in pro­
tein bodies if one compares the jack pine apex with that in P. 
lambertiana regarding sequential events during leaf initiation. In 
jack pine the PB's were digested prior to the appearance of the first 
leaves. In P. lambertiana the 5-day apices had leaf primordia but 
still contained acid phosphatase activity. 
Fosket and Miksche (1966) felt that the high acid phosphatase 
activity was associated with early stages of cellular differentiation, 
sinoG it was reduced after cytchistolesical zcnaticn becaze visible. 
Riding and Gifford (1973) concluded that acid phosphatase activity 
appeared to be associated with metabolic processes preceding cell 
division and accompanying cell differentiation. 
Sasaki and Kozlowski (1969) felt that initiation of embryo growth 
" during germination of Pi nus resinosa did not depend on gametophy'te 
reserves, but that subsequent growth was stimulated. Corresponding 
to the break-down of protein bodies in the endosperm (gametophyte), 
non-protein nitrogen increases in seedlings during germination 
(Katsuta, 1961). Hatano (1953) found that free amino acids 
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quantitatively increased with the germination of Cryptomerla japonica 
and Pinus densiflora seeds, again reflecting the degradation of 
reserve protein bodies. Durzan and Chalpua (1968) demonstrated that 
embryo dry weight increased at the expense of soluble proteins in the 
gametophyte. 
Opik (1965, 1966) found that digestion of reserves in Phaseolus 
vulgaris cotyledons started in cells farthest from the vascular 
bundles, but not following d basipetal gradient. Horner and Arnott 
(1965) noted a directional pattern of protein body digestion from 
the embryo to the seed coat. 
Nieuwdorp and Buys (1964) found that aleurone proteins in barley 
were dissolved in the first 3-4 days, subsequently followed by lipid 
digestion. This, they speculated, was associated with increases in 
the activities of various organelles. In wheat, protein body digestion 
was accompanied by an increase in ribosomes, profusion of ER, and 
development of structure within the mitochondria (Nougarede and 
Pilet, 1964). Simola (1969) described Bldens radiata cotyledons 
during germination and found that after protein bodies and lipid 
bodies dissolve, their small, residual vacuoles fuse into one large 
vacuole. This developmental continuity of protein bodies and vacuoles 
has also been shown in lettuce seeds by Faulsun and Srivastava (1908) 
and Srivastava and Paulson (1968) 
Several authors have examined shoot apices of mature plants in 
relation to plastid ontogeny (Bowes, 1965; Flemion et al., 1967; 
Gifford and Stewart, 1967, 1968). Gifford and Stewart (1968) 
could not confirm that vacuoles arise as a series 
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of local dilations in long extensions of smooth ER. Vacuoles were also 
not observed to originate from cisternae of dictyosomes either. 
Peroxidase, an enzyme of ubiquitous significance (De Jong, 1967), 
has been implicated in cell wall structure (Van Fleet, 1959), lignin 
polymerization (Lipetz and Garro, 1965), the oxidation of indole-
acetic acid (lAA) (Galston, Bonner, and Baker, 1953),and has been 
localized histochemically in the shoot apices of Rauwolfia (Mia and 
Pathak, 1968), Picea glauca (Vanden Born, 1963), and Pinus radiata 
(Riding and Gifford, 1973). Ramaiah et al. (1971) also found high 
peroxidase activity in the shoot apex, provascular tissue, and root 
cap (calyptroperiblem ; Buchholz and Old, 1933) of germinating jack 
pine seeds. However, peroxidase activity was also high in the outer 
cortex, but they chose to ignore this region. It is also interesting 
that they found little or no activity in the root apex. Riding and 
Gifford (1973) could only demonstrate peroxidase activity in shoot 
apices of Pi mis radiata on fresh free hand sections of dormant embryos. 
Activity increased with time and was evident after fixation techniques. 
The localization of peroxidase activity, which they found around the 
aleurone grains (PB s), may actually be within the microbodies which 
they could not resolve with the light microscope. Using gel electro­
phoresis, Conkle (1971) found that peroxidase isozymes were absent 
in stratified seeds of Pinus attenuata, but increased in numbers and 
stainability after radicle emergence. 
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Bowling and Crowden (1973) suggested that peroxidase may pre­
dispose cells to lignification without being directly involved in 
the lignification process per se. Peroxidase in plant tissues consists 
of a number of isozymes with peroxidase activity, 
raising the possibility that there may be a division of function of 
peroxidases ^  vivo (Mills and Crowden, 1968). 
Cactus and rice peroxidase activity could not be detected early 
in germination, but peaked after several days when it was speculated 
that cell multiplication, elongation and growth were occurring 
(Keswani and Upadhya, 1969; Palmiano and Juliano, 1973). No ana­
tomical data accompanied their studies. 
Alvarez and King (1969) also noted changes in peroxidase 
isozymes during development, but found that the number of isozymes 
was lowest when leaves and roots were initiated. They 
also found that peroxidase and lAA activities were reciprocal to 
each other during development. 
It appears that ageing is associated with the formation of 
particular peroxidase isozymes (Galston and Davies, 1969). 
In germinating Pi nus silvestris seeds (Tomaszewski, 1968) the 
level of tryptophan rose three-fold during the first 6 hr and re­
mained constant until the root tip emerged, at which time it increased 
sharply. He suggested that the tryptophan was probably decarbo-
xylated, a step, leading to lAA formation. The proposed high level of 
lAA at root emergence agrees with the findings of Alvarez and King 
(1969) that lAA was high during root initiation in Vanda. 
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My observations, combined with those of others, lead to some 
speculation concerning possible interactions of lAA and peroxidase 
during root emergence in germinating jack pine seeds. Tryptophan 
was converted to lAA, which may be in an active form while existing 
as an lAA-phenolic conjugate (Haissig, 1974). Peroxidase, which 
includes lAA-oxidase, increases in activity during the time of root 
emergence in jack pine (48-60 hr). Perhaps the "l5 mm" peak in 
cathodal peroxidase (Fig. 91) is lAA oxidase, since it increased 
in activity in the 60 hr collection. 
Barnett and Naylor (1969) found that alcohol dehydrogenase 
activity peaked at the time of root emergence and almost disappeared 
with epicotyl emergence. The enzyme activity appeared to be related 
to ethanol production during germination and its conversion into 
amino acids, organic acids, and phosphorylated compounds. 
Evidence from this study suggests that a detailed examination of 
dwarf branch meristems in Pinus banksiana is justified. Sacher (1955) 
felt that the shoot apex of 1-3 month-old seedlings of Pinus lamber-
tiana anatomically resembled the dwarf shoot apex, which produces 
the leaves of Pinus. Curtis and Popham (1972) observed that ovulate 
cones in Pinus hanksiana developed in association with a wound (a 
cracked stem). Dwarf branches were found above and below the ovulate 
cones. These ovulate cones were not positioned just below a zone of 
sterile cataphylls,where most ovulate cones form. They had differen­
tiated in positions where one would expect to find only dwarf branches, 
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Since there were no needles or needle scars at their bases, Curtis 
and Popham (1972) inferred that the cracks had occurred while the 
buds were in early stages of differentiation and that the buds 
differentiated into ovulate cones instead of dwarf branches. 
Curtis and Popham suggested that a study of the mechanisms 
controlling differentiation within the long-branch terminal buds of 
pine should be undertaken. Qualitative and quantitative histo­
chemical and electron microscopical techniques can be used for an 
ontogenetic study of the dwarf branch bud that is contained within 
the long-branch terminal bud (Curtis and Popham, 1972). Cecich et al. 
(1972) presented quantitative histochemical evidence for the sequence 
of events in Picea glauca apices when their gene expression changed 
from cataphyll to leaf production. The same approach can be used on 
the dwarf branch bud to initially speculate when the genetic coding 
system has determined that the bud will produce vegetative or sexual 
appenaages. The data from parts oï Liiis study can piuviùt: Lhe 
expected or speculated sequence of events for appendage initiation, 
if one can compare Gmbryo-soedling apices v/ith dwarf shoot apices 
on more than an anatomical, descriptive basis. 
A developmental sequence of events leading to the initiation of the 
first whorl of leaves in germinating jack pine seeds is proposed, based 
upon my results and conclusions drawn from the literature that I have 
discussed. It is recognized that structural changes, especially 
prior to 48 hr, and metabolic pathways have been omitted, overlooked, 
or, if necessary, speculated upon. 
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0 hr. The dormant embryo has free ribosomes, but needs mRNA and tRNA 
to begin enzyme synthesis. DNA is in the 2C condition and 
probably compacted. Lipid and protein are the main storage 
reserves. 
12 hr. Ribosomal RNA increases at a fast rate during the first 12 hr 
because of the large rRNA locus in the nucleolar organizer 
region. Messenger RNA and tRNA have been synthesized. The 
Krebs cycle and other enzyme systems have probably increased 
their activity upon hydration. 
24 hr. No structural changes observed. DNA is still at 2C and de­
compaction is complete. 
36 hr. Protein bodies show first signs of digestion. DNA is still 
at 2C. 
40 hr. Protein bodies are further digested, resulting in a reduction 
in proteins per cell. 
40-44 hr. DNA synthesis begins, utilizing the amino acids from the 
partially digested protein bodies of the embryo and the 
gametophyte. 
48 hr. Electron microscope observations substantiate protein body 
digestion at 40 hr. The seed coat is beginning to split, and 
peroxidase activity is increasing. 
52 hr. First mitosis was observed 9 hr after DNA synthesis began. 
Ribosomal RNA per cell is at its peak. 
56 hr. Ribosomal RNA per cell is reduced as the frequency of cell 
divisions and dissociated nucleoli increases. Heterochromatin 
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appears in some nuclei following their first mitosis. Starch 
content per plastid has dropped 
60 hr. Increasing peroxidase activity might be related to the increase 
in new cell walls (wall-bound peroxidase) and emergence of 
roots with an lAA-oxidase system. 
65 hr Number of Golgi bodies increases probably for intracellular 
transport of metabolites, especially for cell wall synthesis. 
Starch content is further reduced. 
68 hr. Reduction in DNA content per cell reflects the wave of mitoses 
which precede the forthcoming morphogenetic event - the 
appearance of the leaf primordia. 
72 hr. The endoplasmic reticulum changes from a stacked to a tubular 
configuration because ot-amylase is no longer required for 
starch degradation. Protein body vacuoles are present Lipids 
are just beginning to show evidence of digestion. Hetero-
chromatin is increasing. 
The first whorl of leaves appears on the flanks of the apex 
between adjacent cotyledons. 
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summary 
It is difficult to compare the results of my study with 
previous studies of apical meristems in gymnosperms because, 
until now, there were no quantitative histochemical studies and, 
until recently, no ultrastructural observations. These two gaps 
provided the basis for this work. 
The sequence of nucleic acid synthesis in jack pine apices, 
determined cytophotometrically, compared very favorably with 
biochemical determinations of the same substrates in other 
germinating seed systems. This seems to further establish the 
credence of the cytophotometric technique. 
The ultrastructural observations could be partially compared 
to only one previous study (Mia and Durzan, 1974). Differences 
in growing conditions made this comparison somewhat speculative. 
Most ultrastructural comparisons were therefore made with studies 
r>t anslnsperms, the group that has supplied zost cf cur devslopzsntzl 
knowledge of plants. 
Biochemical determinations of macro-molecular synthesis during 
germination of both angiosperms and gymnosperms provided most of 
the information necessary to speculate about developmental sequences 
early in the germination of jack pine. 
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APPENDIX 
Preparation of Fixatives 
10% neutral formalin 
1. 10 ml of 37% formaldehyde solution (100% formalin). 
2. 90 ml double distilled (D.D.) H2O. 
3. pH adjusted to 7.0 with IN and O.IN NaOH. 
4. One drop of Tween 20 detergent/100 ml fixative. 
Carnoy's fixative 
1. Absolute ethanol 6 parts 
2. Chloroform 3 parts 
3. Glacial acetic acid 1 part 
Phosphate buffer 
Mix 22 ml of 0.1 M KH2PO4 and 78 ml of 0.1 M Na^HPO^ to yield 
100 ml 0.1 M phosphate (PO4) buffer, pH 7.2 (Lillie, 1954). 
Glutaraldehyde - formaldehyde fixative 
1. Heat 25 ml D.D.HgO to 60 C and add, while stirring, 0.5 g 
paraformaldehyde (PA). Add 1-2 drops of IN NaOH to clear. 
Cool to room temp. 
r\ . . 1  6. Muu 66 mjL V. j. m jjn «.6, 
3. Add 3 ml 50% biological grade glutaraldehyde (OA) with 
stirring. 
4. Result is 3% GA:1% FA in 0.05 M PO^, pH 7.2, 
5. 25 drops of 30% hydrogen peroxide are added immediately before 
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fixation to increase membrane contrast (Peracchia and 
Mittler, 1972). 
3% glutaraldehyde 
1. 3 mis of 50% biological grade GA is added to 47 ml 0.05 M 
PO4, pH 7.2. 
Osmium tetroxide 
1. 5 ml of frozen 2% osmium tetroxide (QsG^) stock is diluted 
with 5 ml 0.1 M PO4, pH 7.2, to give a 1% solution of OsO^ 
in 0.05 M PO4, pH 7.2. 
Fixation Schedules 
DNA 
1. Place seeds in labelled Tissue-tek capsules. 
2. Put all capsules at once into one liter of 10% neutral formalin. 
3. Evacuate for several min to facilitate entrance of the fixative. 
4. Fix for 18 hr at room temp. 
5. Wash seeds for 36 hr in running tap water to remove the 
formaldehyde. 
6. After washing, the embryos were removed and dehydrated in 2 
hour steps to 70% ethanol and held at 4 C for several days 
before infiltration with 56 C Tissuemat (Fisher Sci. Co.). 
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RMA and proteins 
1. Place seeds in labelled Tissue-tek capsules. 
2. Fix in one liter of Carnoy's fixative for 2 hr at room temp. 
3. Only the seed coats were removed after fixation, to keep the 
embryo and gametophyte intact. 
4. Seeds were washed for 36 hr in running tap water. 
5. Seeds were dehydrated in 2 hr steps to 70% ethanol and kept 
at 4 C until infiltration with Tissuemat. 
Ultrastructure 
1. Place excised embryo quickly into cold 3% GA;1% FA + ^2^2" 
Fix for 4-6 hr at 4 C on a rotating turntable. 
2. Rinse in 3% GA. 
3. Remove cotyledons just above apex tip and excise remainder 
of embryo just below the apex (see diagram). 
V V 
4. Place in 3% GA at 4 C for 16 hr on rotator. 
5. 5 washes in 0.05 M PO^ (10 min ea.) 
6. 1% buffered OSO4 for 2 hr at room temp, on rotator. 
3 washes in 0.05 M PO^ (10 min ea.). 
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Dehydration, Infiltration, and Embedding Schedules 
Paraffin 
Infiltration with 56 C Tissuemat was done in an Autotechnicon 
automatic tissue processor at NADL. The stations on the Autotechnicon 
were set as follows; 
95% ethanol 1 hr 
absolute " " 
H t? I» 
1 :l-ETOH:n-Butanol 
n-Butanol " 
tJ IT 
n-Butanol + Tissuemat 3 hr 
Tissuemat (56 C) 6 hr 
8 hr 
Embedding was done in pill boxes, with 20 seeds per box. Boxes were 
I lUâLéÙ Oi l  ICc  wctCci"  C\J  y  v^x une  a  x  o  u  .  
Plastic 
1, Dehydrate in acetone 
30% 10 min on rotator 
60% 
90% 
100% 
89 
Acetone;Epon (Luft, 1961). 
3:1 30 min on rotator 
1:1  60  
1:3 3 hr 
Epon mixture .... overnight 
6 hr 
Embed 
Polymerization 
37 C overnight 
45 C 24 hr 
60 C 48-62 hr 
Epon mixture: (3 parts A;2 parts B). 
Mixture A: 
Epon 812 62 ml 
nnsa i 00 ml 
Mixture B. 
Epon 812 100 ml 
NMA 89 ml 
0.2 ml DMP-30 per 10 ml Epon mixture 
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Staining Schedules 
Feulgen reaction (Leuchtenberger, 1958) 
1. 5 |im-thick sections on glass slides were hydrated to water 
after removing paraffin in xylene: 
Xylene 5 min 
1 min 
Abs.ETOH 15 dips 
95% " 
70% " 
50% " 
25% " 
HgO " 
2. Material was hydrolyzed in 5N HCl at room temp for 25 min 
(Fox, 1969). 
3. Ice-cold D.D.HgO for 5 min to stop hydrolysis. 
4. Schiif's reagent (Jensen, 1962) for i hr in dark at room temp. 
5. Three changes of 5% sodium metabisulfite (NaSgOg), 10 min ea. 
6. D.D.K2O for 10 min. 
7. Dehydrate to xylene. 
8. Mount in Permount (Fisher Soi. Co.). 
Schiff's Reagent (Jensen, 1962), 
1. 5 g basic fuchsin (Chroma) 
2. 5 g sodium metabisulfite in 1 liter 0.15N HCl 
3. Mix overnight; filter with activated charcoal. 
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Cresyl Violet (Ritter et al., 1961). 
1. Hydrate embryos to water. 
2. Stain with 0.1% cresyl violet in 0.05M acetate buffer, pH 
4.2 for 2 hr at 45 C in vials. 
3. Differentiate in absolute ethanol for 20 hr. 
4. Rinse in absolute ethanol. 
5. See methods for squash technique. 
6. Measure at 585 rnn. 
Mercuric bromphenol blue (Mazia et al., 1953). 
1. Dehydrate embryos to 95% ethanol. 
2. Stain in 0.1% mercuric bromphenol blue for 30 min, room temp. 
3. Differentiate in 0.5% acetic acid for 30 min, room temp. 
4. Place in 0.05 M phosphate buffer, pH 6.5, for 4 min, room 
temp to develop blue color. 
5. Rinse in distilled water. 
6. See methods for squash technique. 
7. Measure at 610 nm. 
Mercuric bromphenol blue Stain: 
Bromphenol blue 1.0 g 
100 s 
95% ethanol 1 . 0  1  
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Measuring Techniques 
Microspectrophotometry 
Hydrolysis with 5N HCl at room temp was selected because the 
maximum hydrolysis is characterized by a plateau in stainability and 
not a peak as found with IN HCl at 60 C (Fox, 1969), Choosing the 
time at the front of the plateau allows for greater error when 
transferring the tissue from the acid into ice water to stop hydrolysis. 
Twenty five min was selected as optimum hydrolysis time after plotting 
the mean absorption at 570 nm for each hydrolysis time. 
Ten absorption measurements at wavelengths of 560, 565, 570, and 
580 nm were made at each hydrolysis time. The mean values are listed 
below; 
Hydrolysis time 560nm 565nm 570nm 580nm 
10 min 0 774 0. 792 0. 796 0. 763 
15 " 0 017 0 932 0 942 0. 916 
20 " 0 903 0 921 0 927 0. 895 
0 965 0 891 0 986 0. 959 
30 " 0 976 0 983 0 988 0. 948 
35 " 0 933 0 943 0 944 0. 910 
40 " 0 839 0 852 0 852 0. 810 
A complete spectral curve of Feulgen absorption was made using 
the 25 minute hydrolysis time (Fig. 93 ). The mean values of 10 
nuclei were plotted on Fig. 93 to select the two wavelengths for the 
measuring technique (Patau, 1952; Ornstein, 1952). 
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"plug method" (Swift and Rasch, 1956) 
The "plug method" was used to make all spectral curves and 
hydrolysis time measurements. 
1. d = thickness of section 
ff&h = area of ellipse or circle 
4/3 = volume of prolate spheroid 
4/3 ^r^ = " " " sphere 
2. Chromatin volume = volume of nucleus less the volume of the 
nucleolus. 
2 3. Plug volume = ^rr d, where r is the radius of the measuring 
area. 
Absorption of the nucleus = (chromatin vol.)(absorption of plug) 
(plug volume) 
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Two-wavelength method (Patau, 1952; Ornstein, 1952) 
1. Tg = la Ty = where 1^ = 100% transmission at a specific 
— — wavelength. 
lo lo 
Ig = Transmission through a specimen. 
2. La = 1-Ta = 1 -
3. Q = Lb (where > 1^) 
Ll 
4. C = 1 In 1 
2-Q q-1 
5. M - LaCB , where B = area of measuring aperture and, 
KglnlO 
1 = extinction coefficient of dye. 
kglnlO 
To reduce the mathematical computations for every measurement, T^ and 
Tk were entered into Mendelsohn's Tables (1958) to get L^C, since 
B and 1 are constants. 
KalnlO 
Relative amounts of DNA from 0 to 64 hr were measured in H. T. 
Horner's laboratory using a Leitz MPV microspectrophotometer equipped 
with a xenon burner and an in-line mirror monochromator. 
Relative amounts of DNA from 60 to 76 hr^ RNA and proteins were 
measured on a Barr and Stroud GN-1 Integrating Microdensitometer in 
the laboratory of E. M. Rasch. 
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Interference microscopy 
Interference microscopy is a quantitative measuring technique 
which takes advantage of the refraction of light as it passes from 
one medium to another. The amount of refraction can be numerically 
described in degrees ° and is termed optical path difference (a^), 
' ( f  X A .  (cm) 
360 
is the maximal darkness of the background or the object 
(in degrees °), as determined by the analyzer of the microscope. 
The background maximal darkness is set with the analyzer at 0°. 
Therefore, is the maximal darkness (extinction) of the 
object; that is, the difference between background and object 
maximal darkness. 
The multiplication of by a factor of 2 is necessary 
because, with the extinction transfer method, the phase difference 
^ / *S 
is only measurea in nail wavelengths J and not whole wave­
lengths ( one = 360°). 
= wavelength of light used 
(546 X 10-7 cm) 
aS = X 2 X 546 X ICT? cm 
560 
= A(^GA X 3.3 X 10 7 cm 
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One parameter which can be measured by interference microscopy 
is dry mass (M) or weight of the object. 
M = .^ 
100. a 
where 
= optical path differences in water. 
F = area of the object (10~® cm^) 
a = the material (protein) constant (a specific 
refraction increment) for dissolved substances. 
= 0.0018 (cm3 .g~^.100~^) 
Using this technique, 2.43 x 10~^^g of DNA were found in the 
nuclei of chicken erythrocytes, which were used as an internal 
standard for reducing slide to slide variation in the Feulgen 
reaction. After the jack pine Feulgen is measured, an adjusted value, 
in picograms (10~^^g), is determined from the ratio; 
Chicken Feulgen _ Jack pine Feulgen 
2.43 X 10-12g Jack pine DNA (10"12g) 
A Zeiss Universal microscope with interference optics was used in 
J P. Miksche's laboratory. 
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Scanning Electron Microscopy 
ion and viewing 
Materials were handled the same way as for transmission 
electron microscopy, except that after fixation, the cotyle­
dons were broken off at their base, exposing the apex (a,b), 
and the hypocotyl cut for mounting (b). 
Tissue was dehydrated in an ethanol series in 10% increments 
for 5 min each with 3 changes in absolute ethanol. 
Tissue was then passed through an ethanol-Freon TF series 
with 10% increments in Freon TF concentrations and three 
changes of pure Freon TF. In steps 2, 3, and in the 
following steps material was kept in a closed, screen 
container so that the tissue would be submersed in all 
the solutions. 
The tissue was dried in a "home-made" critical-point 
apparatus, using Freon TF and carbon dioxide 
(CO2). Usually two flushes with CO2 were sufficient to 
remove the Freon TF. 
(a 
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5. After drying, the tissue was mounted on silver tape which 
was attached with silver cement to a 1 cm^ brass plate. 
The brass plate was then put on a Ladd variable rotating 
table in a Varian VE-30 vacuum evaporator and coated with 
carbon and then gold. 
6. The coated tissue on the brass plate was silver-cemented to 
a stub for observation in a JEOL JSM-1 scanning electron 
microscope. 
7. Micrographs were taken on Kodak Ektapan 4x5 sheet film 
and developed per film instructions. Printing was done 
according to procedures in the photomicrography section. 
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Extraction technique for soluble proteins 
1. Separate embryos and gametophytes of 20 seeds. 
2. Grind embryos and gametophytes separately for one min in 3 ml 
cold ethertacetone (1:4 v/v to remove lipids and especially 
phenolic compounds which interfere with the Lowry reaction 
(Potty, 1969). Pour into centrifuge tube and rinse extraction 
vessel twice, with 3 ml and 4 ml cold ether : acetone, pouring 
each into the centrifuge tube to give a 10 ml extraction 
volume. 
3. Pellet sample in an lEC B-20 preparative centrifuge, 0 C, for 
10 min at 5000 rpm. 
4. Decant supernatant, air dry pellet in tube, store at -20 C 
until needed for assay. 
Folin protein assay (Lowry et al., 1951) 
1. Disso'ivp ppiipt in 10 ml O.IN NaOH at 90 C. 
2. Use 1 test tube for a blank and each protein sample. 
3. Mix 5 ml 1% CUSO4 stock solution with 5 ml 2% Na tartrate 
stock solution. Add this mixture to 500 ml 2% NaCO^ in 
O.IN NaOH. 
4. Take 1.2 ml water and place in one test tube for blank. Take 
1.2 ml protein solution and place in test tube. 
5. Quickly add 6.0 ml of solution made in Step 3 (above) to each 
test tube and mix thoroughly. Let stand for 10 min. 
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6. Add 0.3 ml Folin reagent (Fisher Chemical Co.) to each 
tube and mix thoroughly, 
7. After 30 min read optical density of each tube at 500 nm, 
using the blank as the standard. 
Preparation of material for peroxidase assays 
1. Seed coats were removed from 100 seeds and the embryos and 
gametophytes together were extracted with 4 ml ether-.acetone 
(see soluble proteins), centrifuged and air dried. 
2. Pellets were resuspended in 4 mi 0.1 M Tris-glycine buffer, 
pH 8.3 and centrifuged at 0 C at 29,000 rpm for 1 hr. 
3. Pellet was discarded and supernatant was kept at 4 C prior 
to examination by the wet assay or gel electrophoresis. 
Peroxidase wet assay (Worthington, 1972) 
1. Horseradish peroxidase stock solution: 1 mg/ml in water. 
limueùlàLely before using, dilute 0.1 ml to 250 ml. 
2. Substrate stock: 1 ml 30% HgO^ diluted to 100 ml with HgO. 
To use, dilute 1 ml stock H2O2 to 100 ml with 0.01 M 
phosphate buffer, pH 6.0. 
3. Dye is 1% o-dianisidine in methyl alcohol. 
4. Add 0.5 ml dye to 6.0 ml substrate. Transfer 2.9 ml to test 
cuvette and pour remainder into control cuvette. 
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5. At time zero add 0.1 ml enzyme solution (horseradish peroxi­
dase for standard and jack pine for test). Introduce enzyme 
into the cuvette with a 0.1 ml pipette with the tip below the 
surface. Mix by inverting cuvette with wax paper on top. 
6. Read absorbance at 460 nm for 2 minutes and record with 
chart recorder on Coleman Spectrophotometer. 
Gel electrophoresis (Davis, 1964; Durzan, 1966; Karl Wolter, personal 
communication) 
Cathodal electrophoretic separation of peroxidase isoenzymes was 
done with acrylamide gel in an EC 490 Vertical Gel Electrophoresis 
Cell. 
The following solutions, developed by Karl Wolter, were used for 
this assay. After this technique was developed, Lee (1973) found 
that acetate buffer, pH 4.5, gave optimum results for tobacco 
peroxidase with polyacrylamide gel electrophoresis. 
A, Gel buffer. 
6.08 g Tris in 500 ml HgO 
Glacial acetic acid to adjust pH to 5.0 
Make to 1 1 with HgO 
B. Running buffer. 
12.12 g Tris in 2 1 H^O 
Glacial acetic acid to adjust pH to 4.5 
Make to 4 1 with HgO 
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C. Gel. 
75 g Cyanogum in one 1 gel buffer (A) 
1.0 ml TîiED (n,n,njn) - tetramethyl-ethylenediamine) 
D. Catalysis. 
Stock solution; 
Ammonium persulfate (AP) - lOg/100 ml H2O 
NagSOg - lOg/100 ml H2O 
Before casting gel: 
add; 0.3 mi ÀP stock/300 ml gel soin. 
5.0 ml NagSOg stock/300 ml gel soin. 
E. Don't run assay over 250 V. 
1. To assay assemble the cell according to instructions. 
Put the gel in the appropriate positions, let polymerize, 
and add running buffer B. 
2. Circulate cooling water through cooling channels. 
3. Add 0.1 ml of protein - bromphenol blue mixture to each slot. 
4. Apply 200 V until samples are stacked in spacer gel, then 
maintain 250 V until stain-protein front has traveled 6-7 
cm in the running gel. 
5. Gel is removed from cell and cut so that 2 replications of 
a sample are together and can be compared. 
6. Stain gels in O-dianisidine (Brewbaker et al., 1968) for 
30 min in dark. 
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Gels were kept in moist plastic bags at 4 C for 24 hr and 
photographed with hi contrast copy film and a Tiffen 47A filter. 
Densitometric scans of photographic negatives were made in 
J. P. Miksche's laboratory using a Leitz microspectrophotometer 
(Bartel's design) with a quartz iodide lamp and an in-line mirror 
monochromator set for 560 nm. 
T a b l e  5 .  Analysis of variance summary tables 
D . F .  
RNA (1) Mean/time 14 
(2) Reps/time 4 
(3) Obs/rep/time 9 
(4) (1 X 2) 56 
(5) (1 X 3) 126 
(6) (2 X 3) 36 
(7) Error 504 
Proteins (1) Mean/time 14 
(2) Reps/time 4 
(3) Obs/rep/time 9 
(4) (1 X 2) 56 
(5) (1 X 3) 126 
(6) (2 X 3) 36 
(7) Error 504 
S . S .  
2608516.300 
77114.630 
297015.769 
2567490.238 
2090476.778 
717281.273 
7453675.709 
1537994.941 
46583.564 
300778.232 
2697400.718 
2844433.348 
661066.090 
10851733.930 
M.S. F .05 
186322.593 
19278.657 
33001,752 
45848.040 
16591.085 
19924.480 
14789.039 
109856.781 
11645.891 
33419.803 
48167.870 
22574.868 
18362.947 
21531.218 
12.60* 
1.30 
2.23* 
3.10* 
1.12 
1.35 
5.11* 
0. 53 
1.56 
2.24* 
1.05 
0.85 
(Table 5, continued) 
D,F. 
DNA Among times 12 
Within times 86 
Total 98 
s.s. M,-S. F. 05 
1511.63 125.97 9,54* 
1136.33 13.21 
2647.96 
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Table 6, Students t test for unpaired observations, equal variance 
RNA S^ Pooled s2 S ^(.05 )=1.990 df 
0 hour 
12 " 
52 
56 " 
80 " 
84 " 
PROTEINS 
0 hour 
12 "  
24 " 
36 " 
IG " 
60 " 
64 " 
68 "  
11817.667 
19780.759 
25593.521 
17894.174 
15987.376 
19889.670 
28269.970 
15779.357 
29237.896 
32402.056 
onOTT •» 
I f . 
20841.510 
31058.793 
22330.063 
15799.213 
22687.140 
21743.848 
17938.523 
22024.663 
22508.626 
27390.003 
25950.151 
26694.428 
25.139 
30.124 
29.491 
26.787 
29.681 
30.006 
33.100 
32.218 
32.677 
6.592* 
3.233* 
3,889* 
3.978* 
4.409* 
4.351* 
3.235* 
3.400* 
3.091* 
98 
98 
98 
98 
98 
98 
98 
98 
98 
64 hour 
68 "  
118.10 
61.14 
12 .80  1,93 1.72 n.s, 14 
* 
Significant at 5% level of probability. 
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FIGURES 
Fig. 1. 48 hr apex. Leaf primordia will appear on lower flank of 
apex (arrow), between adjacent cotyledons (C). X 215. 
108 
72 hr apex. Leaf primordia are visible (arrow). One 
cotyledon (C) partially removed to reveal spatial 
relationship with leaf primordium. X 247. 
110 
Fig. 3. 72 hr apex. Four leaf primordia are visible between four 
cotyledons. X 190. 
112 
Fig. 4. 168 hr apex. Elongated leaf primordia cover apex. One 
leaf primordium from second leaf whorl is visible (arrow). 
X 335. 
114 
Fig. 5. 168 hr apex. Elongated leaf primordla cover apex. 
Cotyledonary cells have large vacuoles (V); compare 
to earlier stages (Fig. 1-4). X 380. 
116 
Fig. 6-14. Median longitudinal sections of apices during germination and leaf initiation. 
Sections stained with mei-curic bromphenol blue (Fig. 6-9, 11-14) or Feulgen 
reaction (Fig. 10). 
6. 0 hr, dormant apex. X £60. 
7. 12 hr apex. X 560. 
8. 36 hr apex. X 560. 
9. 48 hr apex. X 560. 
10. 52 hr apex. First mitosis is in lower flank (arrow). X 1230. 
11. 56 hr apex. Apex volume increases as daughter cells enlarge. X 560. 
12. 65 hr apex. Moat protein bodies are gone. X 560. 
13. 72 hr apex. One leaf primordium from first whorl is visible (arrow). X 560. 
14. 80 hr apex. Leaf primordia have enlarged. X 560. 
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Fig. 15. Microspectrophotometric measurements of DNA ( A ), RNA ( O ), and proteins ( # ) 
during first 84 hr of germination. 
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Fig. 16. Frequency distributions of DNA values from 0 to 76 hr. 
Ordinate is frequency of observations per cell. Abscissa 
is cell value in picograms (10~^^g). 
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Fig. 17. Population profiles of DNA values from 0 to 76 hr. 
Straight lines indicate normal distributions; broken lines 
indicate heterogeneous populations. Abscissa is cumulative 
frequency percentage. 
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POPULATION PROFILES OF DNA QUANTITIES 
Fig. 18. 36 hr apex. Numerous small protein bodies are visible. 
X 1490. 
Fig. 19. 48 hr apex. Most protein bodies are partially digested and 
not visible with light microscopy. X 1490. 
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Fig. 20. Changes in number of plastic!;; ancJ starch grains per plastid 
from 48 to 168 hr. 
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Fig. 21-22. 65 hr apex 
plastids. 
21. X 44,310. 
22. X 30,870. 
Prolamellar bodies (Plb) are present in 
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Fig. 23-24. 108 hr apex. Number of lamellae increases in plastids 
(arrows) while prolamellar bodies disappear. 
23, X 36,750. 
24. X 30,870. 
Fig. 25. 72 hr apex. Invaginations of inner surrounding plastid 
membrane are noticeable when stroma density increases. 
X 23,650. 
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Fig. 26. 72 hr apex. Lipid bodies (Lb) are abundant and electron 
dense. X 8,075. 
Fig. 27. 72 hr apex. Prolonged staining with lead citrate causes 
extraction of lipids (arrow). X 23, 650. 
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Fig. 28. 56 hr apex. Lipid bodies (Lb) and microbodies (Mb) are 
each surrounded by single unit membrane (arrow). X 101,150. 
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Fig. 29. 72 hr apex. Many degrading lipid bodies contain myelin-like 
figures (MA). X 18,300. 
138 
1 
Fig. 30. 65 hr apex. Myelin-like figure (MA) within lipid body. 
X 122,640. 
140 
Fig. 31-32. 56 hr apex. Stacks of rough endoplasmic reticulum (RER) 
are present through 65 hr. 
31. X 19,800. 
32. X 63,200. 
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Fig. 33. 48 hr apex. Several stacks of RER (arrows) are visible in surface cell 
of apex. X 4,500. 
144 
« 
Fig. 34. 72 hr apex. Long ER cisternae (arrow) replace small 
stacks of ER. X 46,305. 
146 
mi 
Fig. 35. 36 hr. Embryo protein bodies (PB) appear to be without 
inclusions. With polarization optics they exhibit no 
birefringence. X 10,090. 
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Fig. 36. 48 hr. Partially digested protein bodies (arrows) in 
hypocotyl cells. X 9,910. 
150 
mm' 
Fig. 37-39. Vacuole formation from protein bodies in apex cells. 
37. 48 hr. Matrix of protein body (PB) is about 50% digested, 
X 10,640. 
38. 65 hr. Further digestion of matrix. X 8,075. 
39. 72 hr. Protein body vacuoles (PbV) contain some 
residues. X 9,725. 
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F i g .  4 0 .  2 4  h r .  P r o t e i n  b o d i e s  i n  i u i r f a c e  c e l l s  o f  a p e x  a r e  s i g n i f i c a n t l y  s m a l l e r  
t h a n  t h o . s e  i n  s u b a p i c a l  a n d  c o r t i c a l  c e l l s .  P a r a g o n  s t a i n .  X  1 , 7 8 5 .  
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Fig. 41. 56 hr. Various stages of protein body digestion can be seen 
in one cell. X 10,090. 
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Fig. 42. 56 hr. Peripheral and internal digestion (arrows) in 
hypocotyl protein body (PB). X 21,500 
Fig. 43. Enlarged portion of Fig. 42. Unit membrane (arrow) 
surrounds protein body. X 82,080. 
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Fig. 44-45. 65 hr. Protein body vacuoles (arrow) in hypocotyl, 
44. X 2,000. 
45. X 42,500. 
Fig. 46. 65 hr hypocotyl. Protein body (PB) volume increases 
during digestion of matrix. X 10,300. 
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Fig. 47-48. 65 hr hypocotyl. Further swelling of protein body 
vacuoles (V) leads to separation of membrane from 
matrix (arrow). 
47. Membrane separating from matrix. X 9,175. 
48. Enlargement of Fig. 47. Unit membrane (arrow) with 
pieces of matrix attached. X 71,600. 
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Fig. 49-50. 168 hr hypocotyl. Vacuoles appear similar to those in 
Fig. 47 and contain tannin-like material (T). 
49. X 8,074. 
50. X 6,960. 
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Fig. 51. 48 hr gametophyte. Possible globoid (Gl) in protein body. 
X 31,500. 
Fig. 52. 48 hr gametophyte. Crystal-like organization (arrow) 
within matrix of protein body. X 121,900. 
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Fig. 53. 72 hr apex. Microbodies, probably glyoxysomes (arrow), 
between lipid bodies, are bounded by single unit membrane, 
have granular contents, and are generally small. X 13,200. 
Fig. 54. 72 hr hypocotyl. Pleomorphic microbodies (Mb) in 
procambial tracheid. X 9,910. 
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Fig. 55. 72 hr hypocotyl. "Second generation" microbodies 
(arrows) in procambial tracheid. X 39,700. 
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Fig. 56-57. 72 hr hypocotyl. Crystalline inclusions (short arrows), 
probably catalase, found in some microbodies. 
56. X 61,700. 
57. Lamellar aggregations (long arrow) were common in smaller 
microbodies. X 78,800. 
Fig. 58. 72 hr apex. Lamellar structure, similar to that in 
Fig. 57, found in apical cell microbody. X 43,000. 
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Fig. 59-60. 168 hr gametophyte. Pleomorphic microbodies (arrow). 
59. X 9,175. 
60. Microbody (Mb). X 31,300. 
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Fig. 61. 168 hr gametophyte. Microbodies (Mb) with cytoplasmic 
invaginations that appear vacuole-like in cross-section. 
X 19,500. 
Fig. 62. 168 hr gametophyte. Microbodies surrounding other 
microbodies (arrows). X 9,910. 
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Fig. 63. 48 hr apex. Nuclear contents are primarily euchromatin 
(Eu) until first mitosis, after which heterochromatin 
forms. X 10,100. 
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Fig. 64. 108 hr apex. Nuclei contain increasing amount of 
heterochromatin (He). X 8,075 
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Fig. 65. 168 hr apex. Nuclei contain large amount of heterochromatin 
(He). X 9,910. 
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Fig. 66. 72 hr apex. Polysomes on outer nuclear membrane (short 
arrow) and on endoplasmic reticulum (long arrow). X 43,000. 
Fig. 67. 168 hr apex. Surface view of nuclear pores (arrow). 
X 18,400. 
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Fig. 68. 48 hr apex. Six nucleoli (Nu) in one plane nf section. 
X 9,175. 
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Fig. 69. 48 hr apex. Fibrillar (F) and light-staining regions (L) 
in nucleolus. X 22, 360. 
Fig. 70-71. 168 hr apex. Nucleolar-associated chromatin (arrows), 
adjacent to nucleolar organizer. 
70. X 14,400. 
71. X 17,100. 
Fig. 72-73. Ribonuclear protein granules (RNP) in nucleoplasm. 
72. 48 hr apex. X 16,500. 
73. 72 hr apex. X 73,500. 
Fig. 74. 48 hr apex. Nucleolar vacuoles (arrow) were occasionally 
present. X 15,000. 
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Fig. 75-76. Prenucleolar bodies (arrows) in late telophase nuclei. 
75. 72 hr apex. X 11,000. 
76. 168 hr apex. X 15,800. 
190 
Fig. 77. 65 hr apex. Pleomorphic mitochondria are common. X 13,000. 
Fig. 78. See pages 193 and 194. 
Fig. 79. 56 hr apex. Golgi body (arrow) probably transporting 
non-cellulosic compounds for cell wall synthesis. X 11, 900. 
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Fig. 80. 168 hr hypocotyl. Numerous Golgi bodies (arrow) in 
developing tracheid. X 18,400. 
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Fig. 81-82. Comparison of 
development, 
81. 108 hr apex. 
X 14,300. 
82. 168 hr apex. 
X 8,250. 
electron density of cell walls during 
Cell walls are electron transparent. 
Cell walls are relatively electron dense. 
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Fig. 83-84. Plasmodesmata are found in cell walls. 
83. 72 hr apex. Common plasmalemma between adjacent cells. 
X 145,000. 
84. 168 hr apex. Plasmodesmata appear more abundant. 
X 9,910. 
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Fig. 85-86. Microtubules are common structural feature. 
85. 72 hr apex. Microtubules (arrow) associated with 
plasmalemma and cell wall. X 94,000. 
86. 56 hr apex. Microtubules (arrow) make up fibers of 
mitotic apparatus. X 27,500. 
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Fig. 87. Changes in soluble proteins during first 84 hr of 
germination. Gametophyte - O- Embryo - 0 . 
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Fig. 88. Changes in fresh weight during first 84 hr of germination. 
Whole seed - A . Gametophyte - O • Embryo - Q . 
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Fig. 89. Changes in optical density of peroxidase reaction products 
during first 90 hr of germination. 
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Fig. 90. Peroxidase reaction curves at 80 hr (top) and 90 hr 
(bottom). 
OPTICAL DENSITY 
Fig. 91. Densitometric scans of the photographic negatives of the 
cathodal peroxidase gels. Ordinate represents percent 
transmittance. Abscissa represents mm from origin on 
negative. 

Fig. 92. Schematic representation of cathodal isoenyzmes of 
peroxidase during first 90 hr of germination. Shaded 
areas represent masked bands. 
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Fig. 93. Spectral curve of Feulgen absorption. 570 nm peak is 
used to determine and 505 nm is considered as Tjj, 
50% of absorption at 570 nm. 
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